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5-HYDROXY-2,3-DlHYDROBENZOFURAN ANALOGS AS LEUKOTRIENE BIOSYNTHESIS 

INHIBITORS 



BACKGROUND OF THE INVENTION 

This invention involves certain benzofuran derivatives. These compounds are useful as inhibitors of mam- 
malian ieuicotriene biosynthesis. As such, these compounds are useful therapeutic agents for treating allergic 

5 conditions, asthma, cardiovascular disorders and inflammation. The compounds are also useful as analgesics 
and as cytoprotecth^e agents. 

The leukotnenes are a novel group of biologically active mediators derived from arachidonic acid through 
the action of lipoxgenase enzyme systems. There are two groups of leukotnenes derived from the common 
unstable precursor Leukotriene A4. The first of these are the peptido-Iipid leukotnenes, the most important being 

10 Leukotnenes C4. and D4. These compounds collectively account for the biologically active material known as 
the slow reacting substance of anaphylaxis. 

The leukotnenes are potent smooth muscle contracting agents, particulariy on respiratory smooth muscle 
but also on other tissues (e.g. gall bladder). In addition, they promote mucous production, modulate vascular 
pemieability changes and are potent Inflammatory agents in human skin. The most important compound In the 

15 second group of leukotrienes is Leukotriene 84, a dihydroxy fatty acid. This compound is a potent chemotactte 
agent for neutrophils and eosinophils and in addition, may modulate a number of other functions of these cells. 
It also affects other cell types such as lymphocytes and, for example, may modulate the action of T-suppressor 
cells and natural killer cells. When injected in vivo, in addition to promoting the accumulatkm of leukocytes, 
Leukotriene B4 is also a potent hyperalgesic agent and can modulate vascular permeability changes through 

20 a neutrophil dependent mechanism. Both groups of leukotnenes are formed following oxygenation of 
arachidonic acid through the action of a 5-lipoxygenase enzyme. See for example, D.M. Bailey etal., Ann. Rpts. 
Med, Chem. 17 203 (1982). 

The leukotrienes are potent spasmogens of human trachea, bronchus and lung parenchymal strips, and 
when administered to normal volunteers as aerosols are 3,800 times more potent that histamine at inducing a 

25 50% decrease in air flow at 30% of vita! capacity. They mediate increases in vascular permeability in animals 
and promote mucous production in human bronchial explants. In addition, Leukotriene B4 may also mediate 
mucous production and could be an important mediator of neutrophil and eosinophil accumulation in asthmatic 
lungs. 5-lipoxygenase products are also thought to be regulators of mast cell degranulation and recent studies 
with human lung mast cells have suggested that 5*lipoxygenase inhibitors, but not corticosteroids, may sup- 

30 press antigen-induced mast cell degranulation. In vitro studies have shown that antigen challenge of human 
lung residts in the lelease of leukotrienes and in addition purified human mast cells can produce substantial 
amount of leukotrienes. There is tiierefore good evidence that leukotrienes are important mediators of human 
asthma. 5-lipoxygenase inhibitors would therefore be a new class of drugs for the treatment of asthma. See, 
for example, B. Samuelson, Science 220. 568-575 (1983). 

35 Psoriasis is a human skin disease which affects between two and sbc percertt of the population. There is 

no adequate therapy for psoriasis and related skin conditions. The evidence for leukotriene involvement in these 
diseases Is as follows. One of the eariiest events in the development of prepapillary lesbns is the recruitment 
of leukocytes to the skin site. Injection of Leukotriene B4 into human skin results in a pronounced neutrophil 
accumulation. There are gross abnormalities in arachidonic acid metabolism in human psoriatic skin. In par- 

40 ticular, highly elevated levels of free arachidonic acid can be measured as well as large amounts of lipoxygen- 
ase products. Leukotriene B4 has been detected in biologically significant amounts In psoriatic lesions, but not 
in uninvolved skin. 

Leukotaienes can be measured In nasal washings firom patients with allergic rhinitis and aregreatiy elevated 
following antigen challenge. Leukotrienes may mediate this disease through their ability to regulate mast cell 
45 degranulation, by modulating mucous production and mucociliary dearance and by mediating the accumulation 
of inflammatory leukocytes. 

Leukotrienes can also mediate other diseases. These include atopic dermatitis, gouty arthritis, inflammat- 
ory bowel diseases and gall bladder spasms. In addition, they may have a role in cardiovasular disease because 
leukotrienes C4 and D4 act as coronary and cerebral arterial vasoconstrictors and these compounds may also 
so have negative inotropic effects on the myocardium. In addition, the leukotrienes are important mediators of 
inflammatory diseases through their ability to modulate leukocyte and lymphocyte function. 
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SUMMARY OF THE INVENTION 

It has now been discovered that certain 5-hydroxy-2,3-dlhydrobenzofijran analogs of Fomnula I are effective 
inhibitors of leukotriene biosynthesis. Thus, these compounds are usefiil therapeutic agents for treating con* 
dmons such as asthma* allergies, cardiovascular disorders such as angina and inflammation, for amelioration 
of skin diseases like psoriasis and atopic eczema, and as cytoprotectlve agents. 

The compounds of tlie present Invention are compounds of the general formula: 




CI) 



wherein: 
R2|s 




with completing a ring selected from the group consisting of (Y^)5 substituted phenyl, (Y^7 substituted 
naphthyl, substituted or unsubstituted &-membered heterocyde, substituted or unsubstituted 6-membered 
heterocyde, substituted or unsubstituted 5-membered heterocyde having fused thereto a (Y2)3or4 substituted 
benzene ring and substituted or unsubstituted 6-membered heterocyde having fused thereto a (Y2}3or4 substi- 
30 tuted benzene ring (where the heterocyde contains 1 to 4 heteroatoms, induding 0 to 1 1n total of -0-. -S-, - 
NH-or-N(Cv^ ali^)- and 0 to 3 of nitrogen the valence of which is satisfied by the ring, and where the 
heterocyde subsfituents are selected from the group consisting of hydrogen, Ci^alkyl, phenyl, halogen, 
^{0)0H. -C(0)OCi^ alkyl and -OC,^ alkyi): 
R3 is independently, hydrogen or C^^ alkyl; 

is hydroxy or metabolizeable to hydroxy; 
R^ and are. Independently hydrogen, halogen, 
-Ci^lkyl. C2-6all<enyl, -{Ci-6alkyl)-R**. 
-(C2^lkenyl)-R««, -(Ci^lkyl)p.OR» 
^ -(C2M5alkenyl)-OR6b -{Ci^alkyl)p-SR6b, 
-(Ca-6alknyl)-SR«», -(C,^allQrl)p-S(0)R6^ 
-<C2-«alkenyl)-S(0)R8*>, 
-(Cv^lkyl)p.S(0)2R«^ 
-(C2-6alkenyl)S(0)2R«», 
45 -(Ci^Ikyl)p-N(R««)(R«>) or 

-(C2-6alkenyl>N{Re<=)(R6*>). provided that 

when one of R* or Rs Is hydrogen or halogen then the other Is not hydrogen or halogen and provided that R« 
isnot-Ct^all^ior 
-0-Ci-ealkyl when R* Is -Ci^alkyl; 
^ R'' is hydrogen, halogen. Ci-«alkyl or C2-6aIkenyi; 

R8" is (Y»)6 substituted phenyl, (¥6)7 substituted naphthyl, .C(0)NR«e, -C(O)0R««. or 



55 *C A' 
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where A* completes a substituted or unsubstituted 5-membered heterocycle, substituted or unsubstituted 6- 
membered heterocycie, substituted or unsubstituted 5-memb^ed heteioc^cie having fused thereto a Cft)3ot4 
substituted benzene ring, or a substituted or unsubstituted 6-membered heterocycle having fused thereto a 
(Y^)3oe4 substituted benzene ring (where heterocycle and heterocycle substitution are defined above); 

is hydrogen, C^^k^l C2^kenyl, 
-(Ci^alkyl)p-{(Y«)7 substituted naphthyl), 
-(Ci_6aIkyl)p-((Y*)s substituted phenyl), 
-(C«a!kyl)-C{0)N(R«c)2. 
-(Ci^alkyI>-C(0)OR«c or 



(where is defined immediately above and is not hydrogen when attached to sulfur); 

R8C Is hydrogen or C,_6alkyl; 

Y2 is -H, halogen, -OH, Ci-ealkyl. -CN, -CF3, 
-(Ci^alky0p-O-Ci^Bcyl, 

-<Ci^aIlqfl)p-S-Ci^lkyI. 
KCi^alkyI)p-S(0>Ci^lkyl. 

-(CMalkyl)p-S(0)2-Ci^a!M. 

.(Ci^alkyl)p-C(0)-Ci^alkyl. 

-0-(CMaIkyl)p-C(0)OR«<^, 

^Ci^Ikyl)p-C(0)ORec, 

-(Ci-6aI»v0p-C(O)NHOR6c, 

KC«a!kyl)p-C(0)NHR«c, 

-<C,^kyDp-NHC(0)0(C,^alkyI), 

KCi_«alkyl)p.NHR«c. 

-(Ci^alkyI)p-NHS(0)2-Ci^alkyl. 

-(Ci^kyl)p-NHS(0)2-(R7)e substituted phenyl, or -(Ci^afkyl)p-N02; 
Y»isY2or 



(where A^ is defined immediately above); and 
p is 0 or 1. 

Preferred compounds of fbnmula I are those in which: 

R2 is -{Ci-6alkyl)p-(Y«)5 substituted phenyl or -(C2^alkenyI)-(Y«)5 substituted phenyl: 

R3 Is independently hydrogen or Ci^alkyl; 

R5 is hydroxy or metat>olizeable to hydroxy: 

R* is hydrogen, halogen, 
-Ci^Ikyl, C2-6alkenyl. -(Cn^a!kyl)-R6a, 
-<C2-6aIkenyl)-R8», -(Ci^IkyI)p-OR6b 
-(C2^alkenyl>OR«^ -(Cl^aikyl)p-SRe^ 
-(C2-6aIkenyI)-SR«^ -(Ci^a!kyl)p-S(0)R«>, 
-(C2-6aIkenyl)-S(0)R«^ 
KC«alkyl)p-S(0)2R«^ 
-(C2-6aIkenyl)S(0)2R«>. . 
-(Ci^aIkyl)p-N(R8c)(R«>)or 
HC2^alkenyl)44(R6<^)(R«>); 

R« is -{C,^lkyl).R8». KC2^alkenyi)-Rea, 
-(C«alkyl)p-OR» ^C2-6aIkenyl).OR«»>, 

4 
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-{Ci^lkyl)p-SR», ^C2-ealkenyl)-SR«». 
-{Ci^lkyl)p-S(0)R«>, 
-<C2^kenyl)-S(0)R«^ 
-(Ci^kyl)p-S(0)2R»*> or 
-(C2^aIkenyl)^{0)2R»; 

PJ is hydrogen, halogen. Ci^lkyl or C2^alkeny!; 

R«« is (Y«)6 substituted phenyl, (y^h substituted naphthyl. -C(0)NRec, -C<0)0R6c, or 



where A* completes a substituted or unsubstituted S-membered heterocyde. substituted or unsubstituted 6- 
membered heterocycle, substituted or unsubstituted Snmembered heterocyde having fused thereto a iy^)3or4 
substituted benzene ring, or a substituted or unsubstituted 6-membered heterocycle having fused thereto a 
(Y^3of4 substituted benzene ring (where the heterocycle contains 1 to 4 heteroatoms, Including 0 to 1 in total 
of -O, -S-. -NH- or -N(Ci^a]kyl)- and 0 to 3 of nitrogen the valence of which Is satisfied by the ring, and where 
the heterocyde substltuents are selected from the group consisting of hydrogen, Ct^alkyl, phenyl, halogen, 
<:(0)0H, -C(0)OCi^alkyl and -OCi-ealM) ; 

is -(Ci^lky!)p-{(Y«)7 substituted naphthyl). -(Ci^a!lQrl)p-({Y«)5 substituted phenyl), 
^C«alkyl)-C<0)N(R«c)2. 
-(Ci^alkyl)-C(0)ORe« or 



(where is defined immediately above); 
Is hydrogen or Ci^alkyt; 
Y2 IS -H. halogen, -OH, Ci_^lkyl, -CN, -CF3. 
-(C«alkyl)p.€>Ci^lkyl. 
-(C«alkyl)p.S^i^lkyl. 
-(Ci^a!kyI)p.S(0)-C,^lkyi. 
-(C,^alkyl)p-S(0)2-C,^alky!. 
OKCi^lkyl)p<:(0)0R6c, 
-(Ci-6alkyl)p-C(0)OR6«, 
-{Ci^aIkyI)p-C(0)NHORB«, 
-(Ci^alkyl)p-C(0)NHR«<^. 
-(Ci-«alkyl)p.NHC(0)0(Ci^alkyl), 
^CMalkyl)p-NHS(0)2-Ci^alkyl. 

-(Ci^alkyl)p-NHS(0)2-(R^5 substituted phenyl, or -(Ci^alkyl)p-N02; 
Y«lsY2or 



(where A^ is defined immediately above); and 
p Is 0 or 1. 

Still more preferred compounds of formula I are those In which: 

R2 is -(Ci-<alM)p-(Y»)5 substituted phenyl or -(Cz^alkenylXYV)^ substituted phenyl; 
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R3 is independentiy hydrogen or Ci^ealkyl; 
is hydroxy or metabolizeable to hydroxy: 
is hydrogen, halogen, 
-C^^Ikyi, C2^alkenyl. .(Ci^alkyl)-R6a, 
5 ^C2-6alkeny1)-Re». -(Ci_6a»cyl)p-OR^. 
KC2-6a!kenyl)-OR8»>, -(Ci^a!kyl)p-SR«', 
-(C2^aIkenyl}-SR6b, -(Ct-«aIkyl)p-S(0)R6^ 
-{C2-6alkenyi)-S(0)R8b, 
-{C«alkyl)p-S{0)2R«>. 
-(C2^aIkenyl)S(0)2R«>, 
KC,^aIkyl)p.N(R«te)(Reb) or 
-{C2^kenyl)-N(R««^)(Re»>); 

Rfi is -{Cv«alkyO-R«*. -(C2-6alkenyI)-Rea, 
15 -(Ci^alkyDp-OR«». -{C2^alkenyl)-OR«>, 
^Ci-6a!kyl)p-SR» -(Cz-ealkenyO-SR®*, 
KC,^allQfl)p.S{0)R«>, 
KC2^alkenyl)-S(0)R» 
^CMaIkyl)p.S(0)2R«» or 
^ -{C2-«aIkenyI>«{0)2R«»; 

4^ is hydrogen or halogen; 

R^ iS (Y«)5 substituted phenyl, -C(0)0R6e. or 




where completes substituted or unsubstituted G-memt'ered heterocycle, or a substituted or unsubstituted 
6-inembered heterocyde having fused thereto a (Y2)3or4 substituted benzene ring (where the heterocycle con- 
tains 1 to 4 heteroatoms, including 0 to 1 in total of -S-, -NH- or -N(Ci^alkyl)- and 0 to 3 of nitrogen the 
valence of which is satisfied by the ring, and where the heterocyde substltuents are selected from the group 
consisting of hydrogen, Ci^alkyl, phenyl, halogen, 
-C(0)OH, -C(0)OCi^alkyl and -OCi^alkyl); 

R«> is -(Ci^lkyI)p-((Y6)5 substituted phenyl), 
KC,^alkyl).C(0)0R6«. or 



40 



45 (where is defined immediately at>ove); 
R8c IS hydrogen or C^^alkyl; 

is -H, halogen. -OH, Ci^lkyl, -CN. -CF3, 

-{Ci-6alkyl)p-0-Ci-^lkyl, 

-{Ci-6alkyl)p-S-Ci^lkyl, 
so -(Cv«alkyl)p.S(0)-Ci^yl, 

-(Ci^alkyl)p-S(0)2-Ci^alkyl, 

0-(Ci^Ikyl)p-C(0)OR«c. 

-<Ci^kyl)p-C(0)0R8«. 

-(Ci^kyl)p-C(0)NHOH, 
^ HCi^Ikyl)p-C(0)NHR*^ or 

-(Ci^kyI)p.NHS{0}2-(R7)5 substituted 

phenyl; 

6 
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(where is defined immediately above); and 
p is 0 or 1. 

The most prefen-ed compounds of Fomula I are those in which: 

is -(Ci-6aikyl)-(Y^)5 substituted phenyl or 
-(C2-6altenylHY^5 substituted phenyl; 

is independently hydrogen or Ci^lkyl; 

is hydrogen, halogen, 
-Ci^lkyt, Ca^alkenyt, -(Ci^all^)-R^, 
KC2-6aIkenyi}-R^. -{C1^Iky^)p-OR«^ 
^C2-«alkenyl)-OR«^ -(Ci^aIkyl)p-SR6b 
-(C2-6alkenyl)-SR»^ -(Ci^allQfl)p.S(0)R«>, 
KC2-6a^kenyl^S(0)R«^ 
KCi^alkyl)p-S(0)2R«b, 

KC2-6a!kenyl)S(0)2R«», 

KCi^aIkyl)p-N(R«c)(R«>)or 

-(C2^aIkenyl)-N{R^)(R«t>); 

R* is hydrogen, -OC(OHCi^alkyl), 
-OC(0)0-{CtH>aiky!). .OC(0)0-(phenyl), 
-OC(OHphenyl). -OSO3NH4, -0C(0)NR2', 
^(0)P(0H)2 or -OC(OMC,-ealkyl).COOR' 
where R' is hydrogen, C^^alkyl or phenyl; 

R« is -(Ct-6aikyl)-R««, -(C2-eaIkenyl)-R6». 
-(Ci^alkyl)p-OR», -<C2-6alkenyl>OR6»» 
-{Ci^lkyI)p^R«». KC2^aIkenyD.SR» 
KC,^alkyI)p^(0)R». 
KC2^alkenyI>-S(0)R»^ 
KCt^a!kyf)p^(0)2R«>or 
-{C2-«alkenyl^S(0)2R«»; 

R^ is (Y*)ft substituted phenyl or 



where A* completes substituted or unsubstituted 6-membered aromatic heterocycie (where the heterocyde 
contains 1 to 3 nitrogens the valences of which are satisfied by the ring and heterocycie substitution are defined 
above); 

R«> is •(Ci.«alkyl)p-((Y8)5 substituted phenyl) or 




(where A« is defined immediately above); and 
R^ is hydrogen or C^^kyl; 
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is hydrogen or halogen; 

Y2 is-H. halogen. ^H, Ci^lkyl. -CN. .CF3. 
^Ci^aIkyl)p-0-Ci^lkyi, 
KCi^alkyl)p.S-C,^lkyl, 
-{C,-6alkyl)p-S(0)-C,^lkyl, 
-(Ci^alkyI)p-S{0)rCv6alkyl. 
-0-(Ct^allcyI)p.C(0)OR6<^. 
-(Ci^alkyl)p-C(0)OR«c. 
-{Ci^aIky!)p-C(0)NHOH. 
-(Ci^alky!)p-C(0)NHRe«^ or 
-{C,^aIky0p-NHS{O)2-(R7)5 substituted 
phenyl; 

Y«isY2or 



(where is defined immediately above); and 
pisOor 1. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention can be readily understood by reference to the following text and flow sheet which describe 
the prefenned embodiments and exhibit the processes for the synthesis of the instantly claimed compounds. 

In general, analogs of 5-hydroxy-2,3-dihydrobenzofuran are well known. Thus, herein, the invention centers 
about particular substituents employed advantageously on the dihydrobenzofuran structure. Particular note 
should be taken of substituents R^ R^, R'^ and R® which are described below. 

Herein, suitable -Cj^alkyl, -C2^alkenyl, -(Ci^alkyl)- and -(C2^kenyl)- are well known in the art Suit- 
able -Ci_saikyl. might be methyl, ethyl, propyl, i-butyl. t-butyl, n-butyl, pentyl, hexyl, cydopropyl, or cydohexyl. 
Suitable -Cz-ealkenyl may be selected from -CHCH2. -CH2CHCH2. -CH2CHCHCH3, -CH2C(CH3)CH2. and so 
on. Suitable -(Ci-ealkyI)- might be -CH2-, -{OH^, -(CHzV, -(CH2)-C-(CH3)r- -(CHaKJ-CCHg)-, etc. Suitable - 
(Cs^alkenyl)- include. -CHCH-. -CH2CHCH-, -CH2CH2CHCH-. -CH2C-(CH3)CH-, etc. The preferred -(Ci^ 
alkyi)- is -(methyl)-, -(ethyl)- or -(propyl)- and -(C2^alkenyl)- is -(CH2CHCH)-. 

Suitable R^ for use in compounds of formula (I) are R^ where -(Ci^lkyl)- or -(C2-ealtenyl)- joins a phenyl, 
naphthyl. or 5- or 6-membered heterocycle to the 2-position of the dihydrobenzofuran. Formula (I) depicts the 
phenyl, naphthyl or heterocycle as 



where A^ completes the ring structure including substituents. 

The phenyl and naphthyl of R2 is (Y^s and (Y®)7 substituted respectively. Suitably, Y* is any of several com- 
mon substituents as shown in formula (I), including the expected hydrogen. Each may be independently 
selected. Yet while all Y* may be hydrogen or even halogen, it is clear that not all Y^ may conveniently be other 
of the recited sul>stituents. In the case of phenyl, it is preferred that at least two Y^ are hydrogen or halogen. 
In the case of naphthyl, it is preferred that at least three Y® are hydrogen or halogen. 

As stated above, the heterocycle of R2 may be a substituted or unsubstituted 5-membered heterocycle, a 
substituted or unsubstituted 6-membered heterocycle, a 5-membered heterocyde with a fiised (f^horA substi- 
tuted benzene ring, or a 6-membered heterocyde having fused (^2)3^^ substftuted benzene ring. In the case 
of the 5- or 6-membered heterocyde, the point of attachntent to -(Ci^lkyl)- or -(C2^Ikenyl)- is a carbon atom 
of the heterocydic ring. Thus, the heterocyde must contain at least one cartDon atom. In the cases of the 5- or 
6-membered heterocycle with the fused benzene ring, this same point of attachment may be a cartx)n atom of 
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the heterDcydic ring or a carbon atom of the fused ring. Thus, of necessity, the heterocyclic ring needs contain 
two cart>on atoms, which are the points of fusion where attachment is through the benezene, or needs contain 
three cart>on atoms, which are the points of fusion and attachment, where attachment is through the heterocy- 
de. Notably, where attachment is trough the heterocyde, then a fused benezene is (YS)^ substituted, and 
where attachment is through a fused benzene, then such is Qf^)^ substituted. 

The heterocyclic rings discussed above are well known In the art Particulariy. heterocycles herein contain 
1 to 4 heteroatoms, including 0 to 1 in total of -0-, -NH- or -N(C1-4alicyl)- and 0 to 3 of nitrogen the valence 
of which is satisfied by the ring. Suitable 5-membered heterocycles include furanyl, thiophenyl, pyrroiyi, 
pyrazolyl, imtdazolyl, thiazofyl, oxazolyl, triazolyl, tetrazolyl, etc. Suitable 6-membered heterocycles Include al- 
pha-pyronyl, gamma-pyronyl, pyridinyl, pyridazinyl, pyrimldinyi, pyrazinyl, thiopyronyl, etc. Suitable 5-mem- 
bered heterocycles fused with a benzene ring include benzofuran-2-yl, benzofuFan-6-yl, benzothiophen-2-yl 
benzothiophen-5-yl, lndol-2-yl, indol-5-yl, benzopyrazol-3-yl, benzopyrazoi-&-yl, benzimidazol-2-yl, benziml- 
dazol-5-yl, benzoxazol-2-yl, benzoxazol-5-yl, etc. Suitable Snnfiembered heterocycles fused with a benzene ring 
include quino!in-2-yl, quinolin-4-yl, quinolin-7-y!, lsoqujnolin-1-yl, isoquinolin-3-yl, isoquinolin-7-yl, cinnolin-3-yl, 
quinazoiin-2-yl, etc. Preferred heterocyclic rings are aromatic. 

Substitution of the heterocyde ignoring hydrogen indudes such groups as Ci^lkyl, phenyl, halogen, - 
C(0)OH, -C(0)OCi^lkyl, -OCi^allcyl and the like. substitution on the fused benzene ring is preferably hyd- 
rogen in the majority. 

Preferred substituents herein are those in which the ring is phenyl. Thus, the preferred substituents are - 
(Ci_ea[kylHY")5 substituted phenyl or -(C2.^aikenylHYe)5 substituted phenyl. 

Suitable are selected from hydrogen, methyl, ethyl, propyl, etc. As to It is Important to note that R^ 
of formula (I) are independently selected. Preferably. is hydrogen or methyl. 

As stated above, suitable R^ are hydroxy or metabolizeable to hydroxy, Metat>olizeable groups indude: - 
OC(OHCi^alkyl). -OC(0)0(Ci^alkyl), -OC(0)0(phenyl), -OC(OHphenyl), -OSO3NH4, OC(0)NR2', 
)P(OH)2, -OC(OHOi-«6alkyl)-COOR', -OC(0)-(Ci-6alkyl)-NR2''Ha, etc.. where R' is hydrogen, Ci^alkyl or 
phenyl. Conveniently, Rs is hydroxy. 

R^ and are suitably any of several dasses of substituents as enumerated above. In simple cases, R"^ 
and R* are hydrogen; halogen, induding chloro, fluoro, bromo, etc; Ci^alkyl orCa^lkenyl. As to this substitu- 
tion, where one of R^ or R« is hydrogen or halogen, then the other is not hydrogen or halogen. Preferably, at 
least one of R* and R« contain a heteroatom. aryl ring or both. Thus, R^ and R® might contain phenyl, naphthyl, 
heterocyde. >C=0, -0-, -S-, -S(0)-, -S(0)2- or-N<, etc. Ignoring the simple substitutton named above R^and 
R^ of formula (I) are dassified according to which of aryl or heteroatom is most directly substituted to the 4- or 
6-position of the dihydrobenzofuran. Where the most direct substitution is -0-, -S-, -S(0)-, -S(0)2- or -N< then 
such substitution may be bonded directly to the dihydrobenzofuran or there may be an intervening -(Ci^alkyl)- 
or-(C2^alkenyi)- bridge. Where the most direct substitution is phenyl, naphthyl. >C=0 or heterocyde as 
defined, then such should be bonded to the 4- or 6-positlon of the dihydrobenzofuran through at least a - 
(C^^ikyl)- or a -{C2-6alkenyf)-. 

in accordance with the foregoing, R»* which Is phenyl, naphthyl, carbonyl or heterocyde is attached to the 
4- or 6-posltion of the dihydrobenzofuran through either a -(Ci^alkyi)- or -(C2^lkenyl)-. As the most direct sub- 
stitution, the phenyl or naphthyl in may be further substituted with Y». Y« represents a range of further sub- 
stitution as possible on the phenyl or naphthyl. This further substitution indudes the substitution represented 
by Y2. i.e., hydrogen, halogen, hydroxy, Ci^alkyl, cyano, trifluoromethyl and various heteroatom containing 
groups. This further substitution also indudes heterocydes. As the nK>st direct substitution, the heterocyde in 
R6b Is defined as 



where A« completes any of the heterocycles enumerated above as completed by A^ The difference between 

A^ and A* is that A^ is intended to complete non-heterocyite rings such as phenyl and naphthyl. 

Also in accordance with the foregoing. R«»> represents further substitution where a heteroatom, such as. - 
-S-, -S(0)-, -S(0)2- or -NR^ is attached to the 4- or 6-position of the dihyrobenzofuran either directly or 

through a -(Ci^alkyl)- or -(C2^Ikenyl)-. In addition to other substitutents, R«> might be Y« substituted phenyl 

or naphthyl, or a heterocyde of the type completed by A^ 
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R7 is defined in formula (I) as hydrogen. Ci^alkyl. Ca^alkenyl or halogen. Suitable R7 include hydrogen, 
methyl, ethyl, propyl, propenyi, t-butyl. chlorine, fluorine, bromine, etc. 

Table 1 lists compounds within the scope of formula (I) and precursors thereof. In the course of listing these 
compounds, a number of specific R3. R^, RS. R« and R7 are enumerated- The following abbreviations are 
employed to simplify presentation. All substitution is hydrogen unless otherwise specified. Abbreviations in 
table 1 are: 



X = -CH^CHjCHj-; 




Md ft nethyl; Pr » propyl; Ac « -CCO>CH) 
and Et = ethyl. 
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The substitution R2 is suitably any of the above. Most preferrably, is -(C^i-«aIkyl)p-{(Ye)5 substituted 
phenyl) or -(C2-«a>kenylHY«)5 substituted phenyl where may be preferably hydrogen, chlorine, 
alkyi, -S-CvealkyI, and -C(0)-Ci^alkyl. Included within preferred R2 are -CHaPh, -CH2Ph-p-OMe, -CHaPh-p- 
Cl. -CH2CH2Ph, -CH2CH2Ph-p-SMe, -CH2CH2Ph, etc. 

Preferred embodiments for R« are those selected from -(CMalkyl)-^®*. -(C2-«aItenyI)-R6«. 
KCi^alkyl)p^R«>, .(C2-«alkenyl)-OR«*>. 
KCi^alkyOp-SR^. -(02-^a^kenyI)-SR«^ 
-(Ci^a!ky0p-S(O)R«', -(C2-6alkenyl).S(0)R«b, 
-(C,^alkyl)p-S(0)2R«*> or -(C2-6alkenyl)-S(0)2R6b 
where R^ and R^ preferably contain -((Y«)5 substituted phenyl) or 



-C A* 



where A® completes substituted or unsubstituted 6-membered aromatic heterocycle or a substituted or unsub- 
stituted 6-membered aromatic heterocyde having fused thereto a {Y^)^^^ substituted benzene ring (where the 
heterocycle contains 1 to 3 nitrogens the valences of which are satisfied by the ring and heterocycle substitution 
are defined at>ove). 

Included within preferred R« are -X-OPh, 
-X-OPh-p-Cl, -X-S-PYRID*. -X-O-Ph-p-TETR, 
.X-0-Ph-p^(CH3)2COOH, -X-OPh-p-C(0)NHOH, 
-X-O.Ph-p-C(CH2)rTETR, -X-S-QUINB-2-OMe-3-COOH. 
-X-CH2Ph-'P-C(CH2)COOH. etc. 

Compounds of formula (I) may be manufactured by any one of numerous reaction schemes. Obviously, 
different schemes will produce different compounds in yields that vary depending on substituents Involved. 
Herein, to produce the range of subject compounds a two-part synthesis is suggested. In part one of the sugges- 
ted synthesis, a dlhydrofuran ring structure may be modified or synthesized within the definition of formula (I) 
by schemes which permit the entire selection of R^ and R^ substitution. Subsequent substitution in part two of 
the suggested synthesis results in preferred R^, R^ R® anri R^. Reactions to 
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add and remove protecting groups may be employed as necessary. It is believed that the suggested two , part 
synthesis wHI produce all desired compounds in significant yields. The examples provided later disclose other 
syntheses which nnay be more advantageous to produce specific compounds. 

Flow Sheets A-C disdose part one of the suggested synthesis. Dihydrobenzofuran compounds of formula 
(I) are synthesized with and substitution selected from the entire defined class. The neccessrty and advan- 
tage of the various flow sheets for part one is the difficulty in connection with obtaining desired R^ sul>stitution 
as seen. In Flow Sheets A-C, R^' represents the remainder of R^ absent the alpha carbon. 

Referring to Flow Sheet A, 5-methoxy-benzofuran, Compound 1,. is a well known and described starting 
material, easily obtained on the market. Compound ± may be lithiated at about -78''C by the addition of butyl 
lithium in a solvent such as anhydrous tetrahydrofuran. Subsequently, the lithiated species is quenched by the 
addition of R^'-CHO, preferably in an identical solvent This quenching reaction results In a 2-position substltu- 
fion of R2'-CH0 forming an alcohol of the aldehyde as shown in Compound 2. 

Compound 2 may be deoxygenated to remove the alcohol by reduction using t-butytamine borane and 
aluminum trichloride followed by a second reduction to remove the unsaturation of the 2-and 3-positon using 
triethytsllane in excess trifluoroacetic acid, TFA The resulting Compound 3 has a 2*positlon substitution of R^, 
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a 3-position substitition of H/H and a 5-positton substitution of -OMe. The -OMe of Compound 3 is not readily 
metabolized and may be deprotected to hydroxy by demethylation using lithium ethyithiolate In dimethyl for- 
mamide to produce Compound 4. 

Refening to Flow Sheet Bp 4-methoxyphenol, Compound 5 and substituted allyl alcohol 6 are well known 

5 and descn*bed starting materials. The phenol 5 may be etheriTied to ether 7 with allyi alcohol 6 in tetrahydrofuran 
as a solvent using diethyiazodicarboxylate and triphenylphosphine at from 0^ to 65^C. Ether 7 will undergo a 
Claisen Rean^ngement to produce a 2-substltuted phenol, the 1-hydroxy of which is esterified with a protective 
group to produce 2-.4-substituted, protected phenol 8. The Claisen Rearrangementto produce the 2-substituted 
phenol and the esteriTication to produce the protecting group is accomplished by refluxing ether 7 in 

10 dichlorobenzene as a solvent using butanofc acid anhycfalde and aniline. The protecting group on phenol 8 is 
present to protect the 1-hydroxy in a subsequent epoxidation step. To produce Compound 9, the 2-substituent 
of compound 8 is epoxidlzed at from O^'C to room temperature in dichioromethane using meta-cMoroperbenzolc 
acid. Subsequently, the 2-epoxy substrtuent on epoxy 9 and the 1-ester substitutent may be Induced to dose 
and give a base "dihydrobenzofuran" structure. Compound 10. This is accomplished by hydrolysis of the 1-ester 

IS in ethanol with NaOET at from 0** to about 68**C with concomitant closure of the fliran. Compound 10 has the 
basic stnjcture of dihydrobenzofuran as well as desirable 2-, 3-and 5-position substitution. The 5-position has 
a protected hydroxy and the 2-position a hydroxymethyl substituent convenient to further elaboration. To pro- 
ceed wfth the synthesis of Flow Sheet B. the 5-position protecting group Is removed with BBra In 
dichioromethane to form Compound 11. which is identical to Compound 10 except for the resultant 5-posltion 

20 hydroxy. In a two-step reaction Compound 11 is firstiy reprotected in the 5-position and secondly oxidized from 
an alcohol to an aldehyde In the 2-pos!tion to produce aldehyde 12. Reprotection with benzyl takes place upon 
refluxing Compound 1 1 with benzyl chloride and K2CO3 in methylethylketone. The oxidation is accomplished 
in dichlwomethane with dimethylsulfoxide and oxallyl chloride at from -78*'C to room temperature. The 
aldehyde 12 may be substituted with R2' through a Grignard Reaction in tetrahydrofuran witii R^'MgBr to pro- 

25 duce Compound 13. With the substitution of R2 it remains only to deprotect the hydroxy of the 5-position and 
remove a hydroxy of the 2-position to produce the desired compound of Flow Sheet B, Compound 14. Removal 
of the 2-position hydroxy is accomplished firstly by fonming a sulfonate ester of the hydroxy in dichioromethane 
vtdth methane sulfonyl chloride and triethylamine at about -78^C and secondly by removing the sulfonate ester 
with UAIH at from 0** to 65^C. Deprotectlon of the 5*position hydroxy may subsequentiy aocomplished by hyd- 

30 rogenolysis or treatment with HCI/acetk; acid. Shown In Flow Sheet B is production of Compound 14 having a 
saturated alpha carbon in the 2-position substitution, Le., R^. An unsaturated alpha-beta carbon bond may be 
obtained in the reaction from Compound 13^ to Compound 14 where instead of removing the sulfonate ester 
with LIAIH* it is removed with diazadtcycloundecene, DBU. Altematively, an unsaturated alpha-beta cart>on 
bond might be obtained utilizing a Wtttig Reaction and Wtttig Reagent in the reaction from aldehyde 12. Otiier 

35 unsaturation in R^ can of course pre-exist in either the Wittig Reagent or Grignard Reagent The resulting Com- 
pound 14 has a 2-postion substitution of R2 a 3-position substitution of R^TR^, i.e., any of H/H, Me/H, Me/Me. 
etc., and a 5-position substitution of hydroxy. 

Referring to Flow Chart C, Compound 15 and Compound 16 are well known starting materials. In a two-step 
reaction. Compound 15 is etherified with Compound 16 followed by condensation to produce l>enzofuran 17. 

40 Benzofuran 17 may be hydrogenated to remove the benzyl protecting group and saturate the 2-/3-position olefin 
followed by treatment with triethylsilane in trifluoroacetic acid to remove the cart)onyl of the 2-position. The 
resultant Compound 18 has the basic dihydrobenzofuran structure with desired 2-, 3- and 5-posltion substitu- 
tion. 

Thus, Compounds 4, 14 and 18 in accordance with the stated objectives of part one of the suggested synth- 
45 esis may have various R2 and R^ substitution. These compounds not only fall within fonnula 0). but are useful 
to produce additional compounds of fonmuta (I). R*. R^ R« and R^ may be modified as described below in the 
description of part two of the synthesis. 

Flow Sheets D, E, F, G and H demonstrate reactions of part two of the suggested synthesis In which pre- 
ferred 4-, 6- and 7-position substitution is added. Row Sheets D, E, F, and G exhibit synthesis schemes dealing 
50 witii the 4- and 6-position. Flow Sheet H exhibits a synthesis scheme dealing with 7-position. 

Referring to Row Sheet D, any of Compounds 4, 14, or 18 may be employed as a starting material to pro- 
duce a 4. or 6-posiOon substitution of R8b2(CH2)3- or R««N(CH2)3- where 2 is O or S. Compound 14 which is 
generic to both 4 and 18^ is depicted. 

Compound 14 is a simple case of fonmula (1) on which preferred 4- or 6-posltion substitution Is desired. As 
55 afo^reaction, the 5-position hydroxy of Compound 14 Is allylated using potassium cartx>nate and allyl bromide 
in allyl ether folowed by a Claisen Rearrangementto obtain both 6- or 4-position allyl substitution. Compound 
19b depicts the lavored 6-position allyl product and Compound 19a depicts the 4-posltion isomer. Subse- 
quentiy, the allyl substitution may be modified as depicted by Flow Sheet D employing the 6-position allyl isomer 
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19b as exemplary. Modification of the allyl begins with a bromine addition to the ally! unsaturation as shown in 
Compound 20. This addition of the bromine to the unsaturation is accomplished in four steps. Firstly, the 5- 
position hydroxy should be protected by reaction, for example, with benzyl bromide to produce a 5-posftion ben* 
zyloxy substitution. Subsquentiy, the allyl is hydroborated by reacting with BH3 at CC to room temperature. 

5 Following hydioboratlon, the borate is oxidized by refluxing In tetrahydrofuran at es^'C with H2O2 and base to 
give the corresponding alcohol. Fourthly and finally, the alcohol is treated with triphenyl phosphlne and carbon 
tetrabromlde at from O^C to room temperature to produce Compound 20. 

Following addition of the bromide to the ally! unsaturation, the bromide is in turn replaced with -ZR^^ or 
N(R^ to produce a preferred 4- or 6-positbn substitution where Z is O or S. This may be accomplished in 

io two steps by firsfly, generating in the presence of Compound 20, an R^^2r or R^2N- anion from R^ZH or 
(R*=)2NH with NaH in dimethyl formamtde and subsequently hydrogenating. The resulting 4- or 6-position sub- 
stitution as descnt>ed and shown in Compound gl^is -(C3alkyl)-Z-R^^ or -(C3alkyl)-N(R^)2. 

Simple modifications of the reaction scheme in Flow Sheet D will produce a broader range of substitution. 
For Instance, -S- as -Z- may be converted to -S(0}- or -S(0)2- t)y oxidation with hydrogen peroxide and/or 

iS oxone. Also, the alkyi chain might be shortened to C2 by ozonolysis or osmium tetroxide/sodium metaperiodate 
treatment fdlowed by reduction to give alcohol. This alcohol might be carried on as described for the longer 
chain. Further, the alkyl chain length might be lengthened by oxidation of the alcohol to an aldehyde and a sub- 
sequent Wittig Condensation. Other modifications will be clear to those skilled in the art 

Flowsheet E, as compared to Flowsheet D depicts a synthesis providing a broader range of 4-or 6-posltion 

20 substitution, namely R^CH^-. Again, any of Compounds 4, 14 or 18 may be employed as starting materials. 
Compound 14 is shown. 

As the first reaction of Row Sheet E, Compound 14 is subjected to a boron assisted electrophDIc substitu- 
tion of R^CHO employing a catalyst such as propion Ic ackJ or trichloroacetic acid at room temperature to about 
1 1S^'C. The resulting Compound 22 has R^ substitution through a carbon atom at tfie 6-positk)n. Subsequently, 

25 a reductive deoxygeneation is carried out on Compound 22 employing t-BuNHz-BHs and AICI3 in 
dichloromethane of O^C to room temperature to produce Compound 23 having preferred 6-position substitutk>n. 
R^. similarly to R^' above, is the residue of R« minus the alpha carbon where such exists in R^. In clarification, 
RC'CHz- is a species of R\ 

The synthesis of Flow Sheet E can be modified to improve yield or increase the scope of its application. 

30 For example, persons skilled in the art will readily understand that aldehydes of the formula -O-CHO or-S-CHO 
where a hetero atom is attached directly to the aldehyde functbn would produce the desired Compound 22 in 
poor yield. In other words. Row Sheet E as shown would not be preferred to produce an R6 having -O- or -S- 
attached directly to the alpha carbon. Thus, Flow Sheet E might be modified by utilizing CH2O as the aldehyde 
in the boron assisted electrophilic substitution and treating with H2O2 and a tsase to produce -CH2OH as R®. 

35 This -CH2OH substitution can be easily elaborated to produce a wide range of R* where -O- or -S- is attached 
to the alpha cart>on. 

Another modification of Flow Sheet E will produce 4-pcsitk3n substitution rather than the 6-position sut>- 
stitution as shown. Where the 2-position and deposition carbons of Compound 14 are unsaturated, then the 
t>oron assisted electrophilic substitution will substitute the 4-position rather than the 6-position. A direct 

40 approach to utnize this feet would be to take Compound 14 from whatever source and Insert unsaturation and 
remove unsaturatk>n between the 2-and 3*position carbons as necessary to obtain the 4-position substitution. 
Another option would be to modify the method of producing Compound 14 or Compound 4 or Compound 18 
to obtain the desired unsaturation which can later be removed. 

Referring to Row Sheet F, any of Compounds 4, 14 or 18 may be employed as starting materials to produce 

45 a 4- or 6-position substitutk>n of R^S-. Compound 14 is again depicted an typical. 

As the first reaction of Flow Sheet F, Compound 14 is brominated to produce Compound 24 by stim'ng at 
room temperature in CH2CI2 with Br2. Using the unmodified starting materials, the yield is almost exclusively a 
bromine in the 6-position. Thus, the flow schenrte demonstrates a 6-position sut>stitution. However 4-position 
substitution can t>e obtained by protecting the 6-position with a group unreactlve to bromine. For Example Flow 

so Sheet D substitutes the 6-position with an allyl or Flow Sheet H substitutes the 6-position with t-butyl. In either 
case, an analogous Compound 24 would be brominated in the 4-position and further substitution made thereon. 

With tnomine in the 6-position, the 5-position hydroxy of Compound U should be protected from subse- 
quent necessary reactions. This may bB accomplished by refluxing Compound 24 in acetone with potessium 
cartx>nate and benzyl bromide to produce protected Compound 25. Protected Compound 25 may be subjected 

55 to a two-step reaction to produce desired 6-posltion sut)stttution. The first step Is the reaction with t-butyl lithium 
in THF at -78''C. The second step is to add R®*SCt to produce Compound 26 having R^S- as the 6-position 
substituent R^ is, of course, a moiety which Joins with -S- to produce a subgenertc group of R*. Compound 
26 is easily deprotected to produce the desired benzofuran 27. 
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Thus, 4- or G-position R^S- substitution may be obtained by first producing the desired substitution in the 
form of R^sa and subsequently performing the substitution as shown in How Sheet F. Suitable R^CI are 
PhSCI, PYRIiy-SCl, BENIMID-Sa. etc. Manufacture of Re*SCI might be by treatment of corresponding thiolate 
with Qa, CIBr or CII or by other well known methods. 

Refening to Flow Sheet G, any of Compounds 4, 14 or 18 may be employed as starting materials to produce 
a 4- or e-position substitution of R»-0- or R6*0. Compound 14 is depicted as representative. 

As ttie first reaction of Flow Sheet G. Compound 14 is subjected to a boron assisted electrophilic substitu- 
tion of CH2O employing a catalyst such as propionic acid or trichloroacetic acid in refluxing toluene. The resul- 
tant Compound 28 has a boron containing fused ring joined at the 6- and 6-position of the benzofuran. With 
unmodified Compound 14 as the starting material, substitution will be almost exclusively on the 6-positfon as 
shown. Substitution on the 4-positton may be obtained, as explained in regard to Row Sheet E, where the boron 
assisted electrophilic substitution is carried out on an analogous Compound 14 starting material having unsatu- 
ration between the 2-and 3-posltion carbons. Also as explained, this unsaturation might be obtained by knovm 
methods and also removed by known methods to produce the desired 4-positk)n substitution. 

Subsequent to forming the fused ring of Compound 28 through the t)oron assisted electrophilic substitution, 
the fused ring is removed by reaction with H2O2 and NaOH to produce a 5-hydroxy-€-hydroxymethyl Compound 
29. Subsequently, the 5-hydroxy of Compound 29 is protected by reaction with benzyl bromide and potassium 
carbonate In refluxing acetone to produce protected Compound 30. With the 5-posltk>n hydroxy protected with 
benzyl, the 6-position hydroxymethyl of Compound 30 is converted to an aldehyde by reaction of Compound 
30 with Mn02 in eth^ acetate. The resultant Compound 3j[ having a 6-positk>n fonmyl may l>e converted to a 
6-positlon ester through a Baeyer-Villiger Rearrangement with a perackl. Specifically Compound 31 is reacted 
in such a rearrangement with metachloroperbenzoic acid to produce a 6-position formate Compound 32. Sub- 
sequently, Compound 32 is hydrdysed by reaction with sodium hydroxkie in methanol to produce the6-hydroxy 
Compound 33. 

From Compound 33, different routes are necessary to produce various types of R« substitution. Where R® 
is aliphatic in character and specifically, where R« is R^-O- selected from for example (Ci.«a{kyl)-0- 
,(R««^)2NC(0)-{Ci^lkyl)-0-, or R6<0(0)C-(Ci^alkyl)-0- then a one step reaction is employed. In this reaction. 
Compound 33 is allowed to react with R^Br and NaH in DMF to produce Compound 34 having R^O- in the 
6-position. R©- is the residue of Rc absent the -O- where such Is present in R« and which contains substituted 
or unsubstituted aliphatic hydrocarbon. R^r may be manufactured by methods well known to the art Where 
R« is aromaUc in character, and specifically where Re is Ke»0. selected from, for example. {C2-«aIkenyl)-0-, 
(Y6)7 substituted naphthyI)KCi^alkyl)p-. {Y6)s substituted phenyl)-(C«alkyl)p- etc, then a multi-step reaction is 
employed. In the case of multi-step reaction. Compound 33 is first reacted vifith cesium carbonate in methanol, 
followed by stripping the methanol and finally by reacting with [(R^^jr Cr In DMF to produce Re«0- In the 6- 
position of Compound 35. R» is the olefinic or aromatic equivalent of R«- above. The reactant. [(R«^2ir Cr, 
may be made by methods known to thse skilled in the art and specific reference is made to Beringer, et al., J. 
Am. Chem. Soc., Vol. 75. pp 2705-2708 (1953) which teaches the manufacture of these compounds. 

Both Compounds 34 and 35 are subsequently deprotected to obtain the desired 5-positk)n hydroxy as 
shown in Compound 36. The R« of Compound 36 is generic to both R*-0- and R«*0-. 

Referring to Row Sheet H, the 7-positlon of any of Compounds 4, 14 and 18 may be substihJted in a one- 
step reaction. For example, Compound 14 is reacted with R^CI and with any of several ackis, including H2SO4 
to produce Compounds 37 and 38, Compounds 37 and 38 have R^ substitution in the 6-and 7-posttions re- 
spectively. Of course where the 8-posftion is substituted by a reaction already described then R^ will substitute 
the 7-position exclusively. Suitable R^CI include t-butyl-CI. Qj. allyl-Cl, propyl-CI, etc. The manufacture of R^CI 
is well known In the art 

Referring to Flow Sheet I, Compound 14 is depicted as a starting material in another reaction scheme to 
obtain R* or R» substitution analogous to Flow Sheet E. The R« isomer is highly favored and is shown. The R^* 
isomer may be obtained in much greater yield as above where the 2-position and 3-position carbons are unsatu- 
rated. As a first step of this reaction scheme. Compound 14 is reacted with ethyl magnesiunrvbromkJe at O^'C 
for about 1/2 hour and then the aldehyde R^'CHO is added to produce the phenol alcohol 39. R^' is defined 
above and is, as stated, R^ absent the alpha-carbon for those R* having an alpha-carbon. The phenol alcohol 
39 is subsequently converted to the dimesylate by treating with methane sulfonyichloride and triethylamine in 
THF at -70'>C to room temperature. The Isolated dimesylate may be easily converted to compound 40 by treat- 
ment with lithium aluminum hydride in THF. 

Refening to Row Sheet J, Compound 25 of Row Sheet F is employed as a starting material in a reaction 
scheme to obtain direct substitution of an unsaturated ring, R^ar, at the 6-position. As a first step, R?AR-i>oronic 
acid, tetrakis triphenyl phosphlne palladium, and 2N aqueous sodium carbonate is refluxed in toluene with Conv 
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pound 25 to produce a protected compound 41_. The protecting group is easily removed in a second step with 
acetic acid and l-ICI to produce Compound 4J[. Suitable include the unsaturated rings of R^^ which include 
the phenyl, naphthyt, SHfnembered heterocycle, 6-membered heterocycte, fused S-membered heterocycle, and 
fused 6-membered heterocyde. Specific include -Ph, -PYRID* PYRID2. PYRIM, TETR, METR. 
5 BENTHIA, BENIMID, NAPT, QUINA, QUINB. etc. The R^boronic acid may be made by well known methods 
including quenching of the corresponding organomagnesium or organometallic with BX3 pC^OCHa, CI, Br] then 
aqueous hydrolysis. 

For the treatment of inflammation, arthritic conditions, psoriasis, asthma, or other diseases medbted by 
leukotrienes, a compound of formula (I) nrtay be administered orally, topically, parenterally, by inhalation spray 
10 or rectally In dosage unttfonmulatbns containing conventional non-toxic phanmaceuttcaliy acceptable carriers, 
adjuvants and vehicles. The term parenteral as used herein includes subcutaneous injectk>n8, intravenous, 
intramuscluar, intravascular injection or infusion techniques. In addition to the treatment of wanm-blooded ani- 
nriais such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the compounds of the Invention are effective 
in the treatment of humans. 

IS The pharmaceutical compositions containing the active ingredient may t>e in a form suitable for oral use, 

for example, as tablets, troches, lonzenges, aqueous or oily suspensions, dispersible powders or granules, 
emulsk>ns, hard or soft capsules, or symps or elixirs. Compositions intended for oral use may be prepared 
according to any method known to the art for the manufacture of pharmaceutical compositions and such compo- 
sitions may contain one or imre agents selected from the group consisting of sweetening agents, flavoring 

20 agents, coloring agents and preserving agents in order to provide pharmaceutically elegant and palatable pre- 
parattons. Tablets contain the active ingredient in admixture with non-toxic pharmaceutically acceptable exci- 
pients which are suitable for the manufacture of tablets. These excipients may be for example, inert diluents, 
such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating 
and disintegrating agents, for example, com starch, or alginic acid; binding agents, for example starch, gelation 

25 or acacia, and lubricating agents, for example magnesium stearate, stearic acid or talc. The tablets may be 
uncoated or they may be coated by known techniques to delay disintegration and absorption in the gastroin- 
testinal tract and thereby provide a sustained action over a tonger period. For example, a time delay material 
such as glyceryl monosterate or glyceryl disterate may be employed. They may also be coated by the techni- 
ques described in the U.S. Patent Nos. 4,256,108; 4,166,452; and 4,265,874 to form osnrK)tic therapeutic tablets 

30 for control release. 

Formulations for oral use may also be presented as hard gelatin capsules wherein the active ingredient is 
mixed with an Inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatbi 
capsules wherein the active ingredient is mbced with water or an oil medium, for example peanut oil, liquid para- 
ffin, or olive on. 

35 Aqueous suspensions contain the active materials in admbcture with excipients suitable for the manufacture 

of aqueous suspensions. Such excipients are suspending agents, for example, sodium carboxymethyicellul- 
ose, methylcellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth 
and gum acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for example, lecithin, 
or condensatton products of an alkylene oxide with fatty acids, for example, polyoxyethyiene stearate, or con- 

40 densatk>n products of ethylene oxide with long chain aliphatic alcohols, for example, hep- 
tadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters derived from fatty 
acids and a hexltd such as polyoxyethyiene sorbitol monooleate, or condensation products of ethylene oxide 
with partial ester derived from fatty acids and hexitol anhydrides, for example, polyoxyethyiene sorbitan mono- 
oleate. The sakl aqueous suspensions may also contain one or more preservatives, for example, ethyl, or n- 

46 propyl p-hydroxybenzoate. 

Oily suspension may be formulated by suspending the active ingredient in a vegetable oil, for example, 
arachis oil, olive oil, sesanr^ oil or coconut oil, or in a mineral oil such as liquid paraffin. The oily suspensions 
may contain a thickening agent, for example, beeswax, hard paraffin or cetyl alcohol. These compositions may 
be preserved by the addition of an antioxidant such as ascorbic acid. 

50 Dispersible powders and granules are suitable for the preparation of an aqueous suspension by mixing 

them with water. They provide the active ingredient in admixture with a dispersing or wetting agent, a suspend- 
ing agent and one or more preservatives. Suitable dispersing or wetting agents and suspeitding agents are 
exemplified by those already mentioned above. 

The pharmaceutical compositions of the invention may also be In the form of oil-ln-water emulsions. The 

ss oily phase may be a vegetable oil, for example, olive oil or arachis oils, or a mineral oO, for example, liquid para- 
ffin or mbctures of these. Suitable emulsifying agents may be naturally occurring gums, for example, gum acacia 
or gum tragacanth, naturally-occurring phosphatides, for example, soy bean, lecithin, and esters or partial ester 
derived from fatty acids and hexitol anhyrides, for example, sorbitan mono-oleate, and condensation products 
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of the said partial esters with enthyf ene oxide, for example, poiyoxyethylene sorbltan monooleate. 

An ointment containing the pharmaceutical compositions of the present Invention may be prepared, among 
other methods known in the art, by combining the active ingredient with a medium consisting of a glycol, a lower 
alkanol, and water; a gelling agent; and optionally an adjuvant such as diisopropyl adipate, diethyl sevacate, 
5 ethyl carproate and ethyl laurate. Suitable glycols include propylene glycol, butylene glycol, polyethylene glycol 
and the like. Generally, a carboxyvinyl polymer preneutrallzed with an organic amine such as diisopropyl amine 
and triethylamine, or a cellulose, e.g., hydroxyethyt cellulose, methyl cellulose, cart>oxymethyi cellulose, hyd- 
roxypropyl cellulose, is used as the gelling agent 

The compounds of the Invention may also be administered in the form of supporitories for rectal admtnis- 
10 tratlon of the drug. These compositions can be prepared by mixing the drug with a suitable non-Irritating ^ct- 
pient which is solid at ordinary temperatures but liquid at the rectal temperature and will therefore melt in the 
rectum to release the drug. Such materials are cocoa butter and polyethylene glycols* 

Dosage levels of the order to 0.2 mg to 140 mg per kOogram of t>ody weight per day are useful In the treat- 
ment of the above-indicated condition (1 0 mg to 7 gms per patient per day). For example, inflammation Is effec- 
ts tively treated by the administration from about 0.5 to 50 mg of the compound per kilogram of body weight per 
day (25 mg to 5 gms per patient per day). 

The amount of active ingredient that may be combined with the can'ler materials to produce a single dosage 
will vary depending upon the host treated and the particular mode of administration. Dosage unitforms will gen- 
erally contain from about 25 mg to about 1 g of active ingredient 
20 It will be understood, however, that the specific dose level for any particular patient will dependupon a var- 

iety of factors including the activi^ of the specific compound employed, the age, body weight, general health, 
sex, diet, time of administration, route of administration, rate of excretion, drug combination and the severity 
of the particular disease undergoing therapy. 

The following examples illustrate the preparation of the compounds of the formula (I) and as such are not 
25 to be considered as limiting the invention set forth in the claims appended hereto. 
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EXAMPLE 1 

Four Step Synthesis of 5-hydroay-2-<2-plienyl- 
ethvl )-2 . 3-d ihvdrobenzQf utati 




Step (B) 




Step CD) 




step (A) Preparation of 2«(1-hydroxy-2-phenyl)-ethyl-5-^ethoxy-benzofuran, E2 

To a sofution of 5-methoxybenzofuran, E1, (148 gm; 1 mole) in tetrahydrofuran (2 L) at -78*'C was added 
dropwise 2.5 molar n-butyllithium In hexane (420 mL; 1 .05 moles). The mixture was stirred at -78^C for 1 .5 hours 
and then phenyl acetatdehyde (144 gnrt; 1 2. moles) was added over 1 5 minutes. The cooling bath was removed 
and the mbcture penfDitted to gradually rise to O^C, Water (600 mL) was added. The ether layer was separated. 
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dried over MgS04, filtered and concentrated in vacuo. The crude was chromatographed in silica gel (2 Kg) using 
a solvent mixture of increasing polarity of 5%, 10%, 20% and 30% ethylacetate in hexane to obtain 243 gm 
(90%) of 2-(1-hydroxy-2-phenyI)ethyl-5-m€thoxyt)enzofuran, E2 m.p. 69-70*»C. 
AnaL Calc'd. for C^H^^Oii C. 76.09; H. 6.01. 
5 Found: C, 76.17; H, 6,12 

Step (B) Preparation of 2-(2-phenylethyl)~5*methoxyben2ofijran, E3 

To a mbcture aluminium chloride (204 gm; 1.5 moles) in toluene (2.5 L) at 5^C and under nitrogen atomos- 
10 phere was added in 50 gm portions t-butyiamine borane (200 gm; 2.3 moles). After stimng for 30 minutes, a 
solution of 2-(1-hydroxy-2-phenyl)ethyI-5-methoxyben2ofuran, E2. (238 gm; 880 mmoles) in toluene (600 mL) 
was added dropwise. The mixture was stirred at S^'C for 2 hours and then added in portions to a stirring ice 
cold mixture of 10% hydrochloric acid (3 L). Stirring was continued until fizzing had stopped. The organic layer 
was separated and dried over MgSO^. filtered and concentrated in vacuo. The residue was chromatographed 
IS m silica gel (2 Kg) using 1 5% ethyl acetate as eluent to obtain 1 29 gm (58%) of 2-(2-phenylethyl)-5-methoxyben- 
zo^ran, E3, m.p. 68-70'*C. 
AnaL Calcd. for C17H16Q2: C. 80.92; H, 6.39 
Found: C. 80.32; H, 6.84 

20 Step (C) Preparation of 2-(2-phenylethyl)-5-methoxy"2,3"dihydrobenzofuran. E4 

Trifluoroacetic acid (232 mU 30 moles) was added over 15 minutes to a suspension of 2-(2-phenylethyl}- 
5-methoxybenzofuran. E3. (128 gm; 500 mmoles) in trlethylsilane (465 mL; 2.8 moles) at S^'C. The mixture was 
stirred at 5**C for 60 minutes and then at room temperature for 1 8 hours. The mbcture was concentrated in vacuo. 
25 The residue was dissolved in diethyl ether, washed with 1 N sodium hydroxide, dried over MgSO^, filtered and 
concentrated in vacuo. The residue was chromatographed In silica gel using 5% ethyl acetate in hexane as 
eluent to obtain 128 gm (99%) of 2-(2-pheny!ethyl)-5-methoxy-2,3-methoxyben20furan. E4. 
Anal. Calcd. for C17H18O2: C, 80.28; H, 7.13. 
Found: 80.61: H, 7.56. 

30 

Step (D) Preparatton of 5-hydroxy>2-(2'Phenyl-^thyl)-2,3-dihydrobenzofuran, E5 

Ethanethio! (62 gm; 1 mole) was added dropwise to lithium hydride (8 gm; 1 mole) in dimethylfbmiamide 
(700 mL) under nitrogen atmosphere. 2-(2-phenyiethyl)-5-methoxy-2,3-dihydrobenzafuran, E4, (126 gm; 500 

35 mmoles) In dimethylfonnamide (200 mL) was then added in one portion and the nuxture brought to reflux for 
3 hours. The mbcture was poured into IN hydrochloric acid and extracted with dieth^ ether. The ether layer 
was separated and backwashed with water twice, dried over MgSO^, filtered and concentrated in vacuo to 
obtain 123 gm (98%) of 5-hydroxy-2-(2-phenyl-€thyI)-2,3-dihydrobenzofuran, E5, m.p. 56-58*'C. 
Anal. Calcd. for CieHieQz: C, 79.97; 6.71 

40 Found: C, 79.44; H, 6.52 
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EXAMTLE 2 

Two Step Synthesis of 4 or 6-allyl-5-liydroxy- 
^ 2-pheiivlethvl )->2 , S-dihvdrobenzQf uran 



10 




1 ' 

20 




40 



Step (A) Preparation of S-ailyloxy-2-(2-'Phenylethyl>2,3-dihydrobenzofiiran, E6 

ss A mixture 5*hydroxy-2-(2-phenytethyl)-2,3-dihydrobenzonjan, E5, (50 gm; 208 mmoles), potassium carbo- 

nate (55 gm; 400 mmoles}, allyl bromide (48 gm; 400 mmoles) and acetone (500 mL) was refluxed for 1 8 hours. 
The mixture was cooled, diluted with hexane (250 mL) and filtered through celite. The filtrate was concentrated 
in vacuo and the residue chromatographed in silica gel using 10% ethylacetate in hexane as eluent to obtain 
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47.8 gm (82%) of 5-allylo3Qf.2-<2-phenylethy!)-2.3-dihydrobenzofuran E6 as an oil. 

Step (B) Preparation of 6«a!lyi»5-hydroxy-2-(2'phenylethyl)>2,3-dihydroben2ofuran and 
4>allyl«5-hydroxy-2-(2-phenylethyl)-2,3-<iihydrobenzofufan, E7 a + b 

5 

A mixture of 5-aIlyloxy-2-(2-phenylethy!).2 3<lihydrobenzoruan, E6, (47 gm; 167 mmoles) in 1,2- 
dichlorobenzene (1 00 mL) was refiuxed under nitrogen atmosphere for 21 hours. Tl-.e mbcture was concentrated 
in vacuo to drive off most of the 1 ,2-dichloro benzene and the residue was chromatographed on silica gel using 
10% ethyiacetate in hexane as eluent to obtain 41 gm (87%) of pure isomer mbcture. The isomer mixture was 
10 separated by chromatography on silica gel (2.5 Kg) using 50% hexane in dichloromethane as eluent to obtah 
6-allyl-5-hydroxy-2-(2-phenylethyl)-Z3-dlhydrobenzofuran, E7a, 32.7 gm (69.5%), m.p. 79-80**C and 4-allyl-5- 
hydroxy-2-(2-phenylethyl)-2,3-dihydrobenzofuran, E7b, as an oil 10.4 gm (22%). 

IS 
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Five Step Synthesis to 2-<2-p-chlorophenyletbyl>-5- 
hydrQ3CV-2. 3-dihvdrobenzofuraii 




Step A 




Step B 



Step C 



Step D 



E10 




E12 
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Step (A) 5-methoxy«2-hydroxyfnethylbenzofuran, E8 

To a solution of 5 methoxybenzofuran-2-carboxync acid (1 0.0 gm; 52 mmoles) in THF (300 mL) cooled at - 
78*C was added diisobutylaluminium hydride (120 ml, 182 mmoles) via a syringe. The reaction mixture tem- 
5 perature was raised to room temperature and the solution was stirred for 3 hours. The mixture was poured Into 
a saturated solution of ammonium chloride (500 ml) and stirred 1 5 minutes then was acidified with HCI 6N. This 
mixture was extracted with ethyl acetate (2 x 500 ml). The combined organic extract was concentrated in vacuo. 
The residue was chromatographed on silica gel using 30% ethyl acetate In hexane to yield 5-methoxy-2-hyd* 
roxymethylbenzofuran, ES, (6.5 gm, 71%). 

10 

Step (B) 5-methoxybenzofurancartx)xaldehyde, E9 

To a solution of 5-methoxy-2-hydroxymethyl-benzofuran (16.0 gm; 90 mmoles) in ethyl acetatel (1 L) was 
added Mn02 (78 gm. 900 mmoles). The reaction mixture was stirred at room temperature for 3 hours. Then 
15 this suspension was filtered through ceiite and concentrate in vacua The filtrate yielded the title Compound 
E9, (9.5 gm, 60%), 

NMR w: 3.85 (s, 3H) 7.15 (m, 2H) 7.45 (m, 2H. olefinic + 1 aromatic) 9.8 (s, 1H aldehyde portion) 
Step (C> 2'(2-t>-chlorostyryD-5-methoxyben2ofuran. E10 

20 

To ethanol (50 ml) was added Na (2.58 gm, 0.112 mole) portron wise at room temperature. The mixture 
was stirred until the sodium was completely dissolved. To this O^C cooled solution, was added p-chlorobenzyl 
triphenylphosphonium chloride (45.6 gm, 0.108 mole) and stinred for 30 minutes. To this phosphorane was 
added 5-methoxy-benzofuran-2-carboxaldehyde, E9, (9.5 gm, 54 mmole) as a reactant and the reaction mixture 
25 was stirred at O^C for 3 hours. The mixture was acidified with HC1 1 N and concentrated in vacuo. The residue 
was chromatographed on silica gel using 5% ethyl acetate in hexane to yield 6.5 gm, 41%, E10. 

NMR w: 3.75 (2s, 3H, cis, trans mbcture) 6.45 (m. 2H, olefinic proton) 6.7-7.0 (m. 2H) 7.1-7.5 (m. 6H). 

Step (P) 2-(2-p-chlorostyryD-5-hydroxy-benzofuran. Ell 

30 

To a solution of E10 (6.5gm, 22.8 mmoles) in CH2CI2 (500 ml) cooled at -78**C was added BBrs (68.5 ml. 
68.5 mmole) via a syringe. The reaction mixture was stirred for 1 hour at -78*'C, and then added dropwise to 
methanol (150 ml) at room temperature. The methanol mbcture was concentrated in vacuo. The residue was 
chromatographed on silica gel using 15% ethyl acetate In hexane to yield 4.7 g, 76%, Ell. 
35 m NMR w: 6.5-7.5 (m,10H, complex aromatic proton pattern) 7.9 (s, 1H, hydroxy, exchangeable). 

Step (E) 2-(2-p-chlorophenylethyl)-5-hydroxy-2,3-dihydrobenzofuran, E12 

To a solution of El 1 (4.65 or 17.2 mmoles) in TFH (25 ml) was added triethyl silane (8.23 ml, 51 .6 mrrtoles) 
40 as a reactant The resultant reaction mixture was stirred at room temperature for 1 hour. The reaction mixture 
was diluted with H2O then neutralized with potassium carbonate (solid), extracted with ethyl acetate (100 ml x 
2), dried Na2S04 and concentrated in vacuo. The residue was chromatographed on silica gel. Elution with 1 0% 
ethyl acetate In hexane yielded 2.5 gm. 53% of El 2. 

NMR w: 1.65-2.2 (m. 2H) 2.5-2.9 (q, 3H, 1 benzylic proton + 2 phenyiethyl methylene) 3.2 (q, 1H. benzylic 
45 proton) 4.7 (m, 1 H. methyne).4.8 (s. 1 H, hydroxy proton) 6.6 (s, 3H) 7.2 (q, 4H. p-chloro benzene protons). 
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EXAMPKE A 



Two Step Synthesis to 2-.(2-p-chlorophenylethyl)-5. 




Step A 



Step B 



El 4b 
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Step (A) 2>(2-p-chIorophenylethy()-5-allyioxy--2,3-dthydrobenzofuran. E13 

A mixture of E12 (2.5 gm, 9.15 mmoies). potassium carbonate (6 gm, 43 mmoles), allyl bromide (4 ml, 23.5 
mmoles) was refluxed in acetone for 2 hours. 
5 The reaction mixture was cooled, filtered through celite and concentrated in vacuo. The residue was 

chromatographed on silica gel using 5% ethyl acetate in hexane as eluent to yield (2.4 gm, 86%) of E13. 
1H IMMR w: 1.7-2.0 (m. 2H) 2.55 2.9 (m. 3H) 3.15 (q, 1H, benzyiic proton) 4.35 (d. 2H methylene proton) 4.65 
(m, 1H, methyne) 5.2 (m, 2H. olefmic) 5.9 (m, 1H) 6.65 (m, 3H, aromatic) 7.15 (q, 4H). 

10 Step (B) 2-(2-p-chlorophenylethyl)>5-hydroxy-(4 or 6)>allyi'2,3>dihydrobenzofijran. E14 a -i- b 

A solution of El 3 (2.4 gm, 7.6 mmoles) In ortho-dichlorobenzene (1 0 mL) was refluxed under nitrogen for 
a period of 10 hours. After cooling, the reaction mixture was chromatographed as such on silica gel. Eluting 
with 15% ethyl acetate in hexane yielded 1.5 gm. 6Z5% of the 6-isomer, El 4a, and the 4-4Somer, E14b. 
15 iH NMR w: 2.0 (m, 2H) 2.75 (m, 3H) 3.1 (m, 1H,) 3.3 (d, 2H, methylene) 4.55 (s, 1H, hydroxy) 5.65 (m, 1H, 
methyne) 5.1 (d, 2H, olefinic) 6.0 (m. 1H) 6.5 (s. 1H, H7) 6.65 (s, H, H4) 7.1 (m, 4H, p-chioiophenyl aromatic) 
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EXAMPLE 5 



Three Step Synthesis to 2-(2-p-chlorophenylethyl)-6- 
O-hYdrpgYPrgpvl V5-livdro3cv-2 .3-dihvdrobengQftira« y. 
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Step (A) 2»(2-p-chlorophenylethyl)-5-tertbutyldimethy[snyloxy-6-ally[-2,3Kiihydrote E1S 

To a solution of E14a, (1.5 gm, 4.8 mmoles) in CH2CI2 (20 ml) was added 4-(dimethylamfno) pyridine (0.3 
gm, 2.4 mmoles) triethylamine (0.66 gm, 4.8 mmoles) tert-butyldimethylchlorosilane (0.72 gm, 4.8 mmole) the 
5 reaction mixture was stinred at room temperature overnight 

The reaction mixture was concentrated in vacuo. The residue was chromatographed on silica gel using 
5% ethyl acetate in hexane as eluent yielded E15 2 gm or 97%. 

Step(B)2«(2-p«^hlorophenylethyl)-6-^3»hydroxy-propyl]5»tertbutyidimethylsilyloxy-2,3-dihydrob 
10 E16 

To a solution of E1 5, (2.0 gm, 4.6 mmoles) In THF at O^'C was added dropwise borane (14.37 mL 14 mmole) 
and the reaction mbcture was stin-ed for 2 hours. To the reaction mbcture was subsequentiy added trimethyla- 
mine*N-cxide (2.15 gm, 19.4 mmoles) and the mbcture was refiuxed for 8 hours. The reaction mbcture was con- 
is centrated In vacuo. The residue was chromatographed on silica gel using 30% ethyl acetate In hexane as eluant 
to yield 1.4 gm 67%) of E16. 

iH NMR w: 0.15 (s, 6H) 0.95 (s, 9H, tertbutyl) 1.6-2.2 (m. 4H) 2.45-2.95 (m, 5H) 3.15 (q, 1H, benzyiic proton) 
3.55 (d, J s 6Hz, 2H) 4.65 (m, 1H, methyne) 6.5 (d, 2H, H4, H7) 7.15 (q, 4H) 

20 Step (C) 2-(2-p-chlorophenylethyl)-6-(3-hydroxy-propyl-5-hydroxy-2.3-dihydrobenzQfuran, E17 

To a solution of E16, 1 .5 gm (3.3 mmoles) in tetrahydrofuran (20 mL) at O^'C was added tetrabutylammonium 
fluoride (3.3 mL, 3.3 mmole) and the mixture was stirred for 1 hour. The reaction mixture was quenched with 
pH7 buffer and extracted twice with 15 mL EtOAc and the combined organic layers were evaporated In vacuo. 
25 The residue was chromatographed on silica gel and eluted with 30% ethyl acetate in hexane as eiuant to yield 
0.9 g or 81% of titie compound El 7. 

1HNMR w: 1.6-2.1 (m.4H)2.4-2.9{m,5H) 3.1 (q.lH, benzyiic proton)3.5(t.J=6H,2H)4.45(m.1H,metiiy^^^ 
6.4 (s, 1H, H7) 6.58 (s, 1H, H4) 7.15 (s. 4H, p-chlorophenyl proton) 

30 



35 



40 



45 



SO 



55 



42 



BNSDOCID: <EP ^0447ie9Al J_> 



EP 0 447 189 A1 



Four Step Synthesis to 2-(2-p-chlorophenylethyl)-6- 
C3-PhenQXYl>rOT>Vl)-5»hvdro3nr.2.3-dihvdrobPnzofura«. E21 




p-Cl-Ph 



p-Cl-Ph 



E1B 



Step B 




PhCH- 



Ph 



p-Cl-Ph 



£19 



Step C 




E20 



PhCH. 



p-Cl-Ph 



Step D 




p-Cl-Ph 



step (A) 2-(2-p-chlorDphenylethyl )-6-(3-hydroxypropyt )-S-benzyloxy-2,3-dihydfDbenzofuran, E18 

A mixture of E17 (1 gm. 3 mmoles), potassium carbonate (0.84 gm. 6 mmoles) benzyl chloride (.76 gm, 6 
mmoles) in acetone (25 mL) was r^uxed for a period of 18 hours. The reaction mixture was cooled, filtered 
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through celite and concentrated in vacuo. The residue was chromatographed on silica gel using 10% ethyl ace- 
tate in hexane as eluant to yield 0.9 gm (70.4%) of El 8. 

iH NMR w: 1.75-2.2 (m, 4H) 2,6-2.9 (m. 5H) 3.15 (dd, J = 8Hz. J = 16 Hz) 3,5 (t, 2H) 4.75 (m, 1H. methyne) 5 
(s. 2H) 6.6 (s. 1 H7) 6.8 (s, 1H. H4) 7.15 (d. J = 9Hz, 2H) 7.27 (d, J = 9Hz, 2H) 7.4 (m, 5H) 

5 

Step (B) 2-(2-p-chlorophenylethyl)-6-<3-bromopropyl)-5-benzyloxy-2,3-dihydrobenzofuran, E19 

To a solution of El 8, (0.9 gm. 2.1 mmoles) in CH2CI2 (20 mL) was added triphenylphosphine (1.12 gm, 
4.27 mmoles) and carbon tetrabromide. (1 .41 gm, 4.25 mmole). The resulting mixture was subsequently stinted 
10 for 15 minutes at room temperature. The reaction mixture was chromatographed as such on silica using first 
hexane, then 5% ethyl acetate in hexane as eiuent yielded title compound E19 1.03 gm (100%). 
iH NMR w: 1.9-2.4 (m, 4H) 2.7-3 (m, 5H) 3.25 (q. IH) 3.45 (t, J = 6Hz. 2H) 4.8 (m. IH) 5.05 (s. 2H, methylene 
oxy) 6.7 (s. 1H. H4) 6.85 (s. IH H7) 7.3 (m. 4H, p-chlorophenyl proton) 7.45 (s. 5H) 

15 Step (C) 2-(2-p-chlorophenylethyl)-6-(3-phenoxypropyl)-5-benzyloxy-2,3-dihydrobenzofuran E20 

To a solution of phenol (0.360 gm, 3.8 mmoles) in DMF (15 mL) was added NaH (0.092 gm, or 4 mmoles). 
After sSn-ing for 1 hour, a solution of E19 (1.17 gm. 2.4 mmoles) in DMF (5 mL) was added and stlnned at room 
temperature for 1 hour. The solution was dfluted with brine and extracted with ether. The organic phase was 
20 washed with water, dried (NaaSO^), and concentrated in vacuo. The residue was chromatographed on silica 
gel. Elution with 5% ethyl acetate In hexane yielded 0.85 gm (70.8%) of title compound E20. 
IH NMR w: 1 .8-2.2 (m, 4H) 2.6-3.0 (m, 5H) 3.2 (s, IH, benzylic proton) 3.95 (t, J = 6Hz, 2H) 4.7 (m, 1K methyne) 
4.95 (s, 2H) 6.6 (s. 1H. H4) 6.75 (s, IH, H7) 6.9 (m. 2H) 7.2 (m, 7H) 7.45 (m. 5H) 

25 Step (D) 2-(2-p-chlorophenylethyl)>6-(3-phenoxypropyl)-5-hydroxy-2,3-dihydrobenzofijran, E21 

To a solution of E20 (0.85 gm. 1.75 mmoles) CH2O2 (15 mL) at -78*C was added BBrg (0.17 mL, 1.75 
mmoles) and the resulting mixture was stirred for 5 minutes. The reaction was quenched by adding MeOH (10 
mL) and a trace amount of K2CO3, then concentrated in vacuo. The residue was chromatopraphed on silica 
30 gel. Elution with 5% ethyl acetate In hexane yielded 0.56 gm or (80%) of title compound E21. 

IH NMR w: 1.6-2.2 (m, 4H) 2.5-2.85 (m, 5H) 3.1 (s, IH) 3.9 (t, J = 6Hz, 2H) 4.6 (m, IH, mettiyne) 5.2 (s, IH, 

hydroxy proton) 6.5 (d, 2H, H4. H7) 6.8 (m, 3H) 7.1 (m. 6H. aromatic) 

Anal. Calcdfor C25H25O3CU C, 73.43; H, 6.11; CI, 8.69. Found: C, 73.77; H, 6.10; Q, 10.46. 
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EXAMPLE 7 

Two Step Synthesis of Intermediate 6-(3-bxoinopropyl)- 
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Steps (A) & (B) 

In a manner analogous to the production of compound E7^ from compound E71, compound £88 is pro- 
duced from compound E7a and E89 from compound E7b. 

Three Step Synthesis of 6-r3.r4~(l-H-1:etrazQl-5-yl ^- 
Phen03cv1t>rot»vn-5~hvdro3nr.2-f Z-ph envlethvl . 3-di- 
hvdrobenzofiiran. E24 



PhCH,0 




£88 



Step A 



NC 



PhCH^O 




£22 



Step B 



PhCHzO 
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Step C 
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Step (A) Preparation of 643>(4^anophenoxy)-propyl]-5-benzyloxy-2>(2>phenylethyl)-2,3- 
dihydrobenzofuran, E22 

4 cyanophenol (1.07 gm, 9 mmoles) was added in one portion to 50% sodium hydride dispersion (435 mgs; 

5 9 mmoles) in dimethylformamide (30 mL) under nitrogen atmosphere. After stirring for 30 minutes, a solution 
of 6-(34>romopropyl)-6-benzyloxy-2-(2-phenylethyl)-2,3-<lihydrobenzofuran, E88. (1 gm, 2.2 mmoles) in 
dimethylformamide (5 mL) was added. The mixture was stirred at room temperature for 18 hours. The mixture 
was poured into excess 20% citric acid solution and extracted with diettiyl etiier. The ether layer was back- 
washed with water, dried (MgS04). filtered and concentrated in vacuo . The residue was chromatographed in 

10 siUca gel using 15% ethylacetate in hexane as eluent to yield 1.06 gm (95%) as an oil of 6-[3-(4-cyanophe> 
noxy)propyl]-5.benzyloxy.2(2-phenylethyl)-2,3-dihydrobenzofuran, E22. m.p. 154-157^C. 

NMR w: 1.88-2.25 (m, 4H) 2.67-2.95 (m, 4H) 3.22 (dd, 1H, J = 15Hz, J' = 9Hz), 3.98 (t, 2H, J = 5.5 Hz) 4.67- 
4.83 (m, 1H) 5.0 (s, 2H) 6.62 (s. 1 H), 6.79 (s, 1 H) 6.85 (d, 2H. J = 7.4 Hz) 7.15-7.46 (m. 10H) 7.54 (d, 2H, J = 
7.4 Hz) 

IS 

Step (B) Preparation of 6 -{3-[4-(1H-tetrazol-5-yi)phenoxy]propyl}-5-benzyloxy-2-(2-phenylethyl)-2,3- 
dihydrobenzofuran, E23 

A mixture of 6-[3-(4-cyanophenoxy)propyIl-5-benzyloxy-2-(2-phenylethyl).2,3-dihydrobenzofuran E22 (1 
20 gm. 2.0 mmoles) and tri-n-butyl tin azide (2.2 gm; 6.6 mmoles) was heated In an oil batfi at 125*C for 90 minutes. 
The total mixture was chromatographed on silica gel using 1 :1 ethyl acetate in hexane and containing 1 0% ace- 
tic add to yield 1.2 gm of 6-(3-(4.(1H-tetrazoI-5-yl)phenoxy]propyl}-5-benzyloxy-2-(2-phenylethyi)-2,3-dihyd- 
robenzofuran, E23. 

iH NMR w: 1.82-2.24 (m, 4H) 2.65-2.94 (m. 4H) 3.24 (dd, 1H, J = 15Hz, J' = 9.3 Hz), 4.0 (t, 2H, J » 7.4 Hz) 
2B 4.65-4.85 (m. 1 H) 5.0 (s, 2H) 6.65 (s. 1 H), 6.79 (s, 1 H) 6.94 (d. 2H, J « 9.3 Hz) 7.07-7.49 (m, 1 0H) 7.89 (d, 2H, 
J = 9.3 Hz). 

Step (C) Preparation of e-f3-r4-(1H^tetrazol-5-yl)phenoxy]plDpyt}-5-hydroxy-2-(2-phenyl-ett^y^)-2,^- 
dihyd^obenzo1iJran, E24 

30 

A mixture of 6-{3-[4-(1H-tetrazol-5-yI)-phenoxy]propy1}-5-benzyioxy-2-(2-phenyiethyl)-2.3-dlhydit)ben- 
zofuran, E23, (450 mgs; 0.84 mmoles), 6 N hydrochloric acid (2 mL) and acetic acid (18 mL) was heated in an 
oil bath at 125*C for 4 hours and under nitrogen atmosphere. The mixture was concentrated in vacuo. The resi- 
due was chromatographed on silica gel using 30:70 ethylacetate in hexane and containing 5% acetic acid to 
35 yield 251 mgs (67%) of 6-{3-I4-(1H-tetrazol.5-yl-phenoxy]propyl}-5-hydroxy.2-{2-phenyI-etiiy|.2,3-dihydroben- 
zofuran, E24, m.p. 154-157'»C. 

^H NMR w: 1.85-2.28 (m. 4H) 2.59-2.97 (m, 4H) 3.21 (dd. 1H, J = 11Hz, J' 7.4 Hz), 4.04 (t, J ^ 3.7 Hz) 4.64- 
4.83(m, 1H) 6.58{s, 1H) 6.65(s. 1H) 7.03 (d, 2H). Anal. Calcd for C26H26N403-1/2 H2O: C, 69.16; H, 6.02; N, 
12.40. Found: C, 69.20 H; 6.38; N. 12.08. 
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EXAMPLE 9 

Three Step Synthesis to 6-[3-(3-carboaQr-2-iDethozy- 
QUinQlin-7>vlUhiOT?rot>vn^5-hvdrQ3nr^2 ^(2->phenvle<:hvl-»^ 
2.3->dihvdrobeTi2Qfuran £27 




Step (A) Preparation of 6H[3-(3-<3rbomethoxy-2-methoxyquinolin-7-yl)thiopropyl^5-benzyloxy^^^ 
phenylethyt)-2,3-dihydroben20fiiran, E25 

A mbcture of 6-<3-bromopropyl>-5-benzyl-oxy -2-(2-phenyiethyl)-2,3-dIhydrobenzofuran, E88, (823 mgs; 
1.8 mmois), 2-methoxy-3-carboniethoxy-7-fnercaptoquinoline (700 mgs; 2.8 mmdes) and potassium carbo- 
nate (414 mgs; 3.0 mmoles) in methyiethylketone (50 mL) was relluxed for a period of 60 minutes. The reaction 
mixture was cooled, filtered through celite and concentrated in vacuo. The residue was chromatographed on 
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silica gel using 20% ethyiacetate in hexane as eluent to yield 1 .0 gm (96%) of 6-{3-(3-carbomethoxy-2*methoxy- 
quinoIin-7-y!)thk)propyl]-5-ben2yloxy-2-(2-phenylethyl)-2,3-dlhydrobenzofura m.p. 96-98*. 
iH NMR w: 1.88-2^1 (m, 4H) 1.45-1,92 (m. 4H) 3.01 -3.15 (m. 2H), 3.22 (dd. 1H. J = 18 Hz. J' = 7.5 Hz). 3.95 
(s. 3H). 4.13 (s, 3H). 4.6&4.79 {m. 1H), 6.01 (S, 1h). 6.64 (s, 1H) 6.77 (s, 1H), 7,13 - 7.46 (m, 11H), 7.55-7.64 
5 (m,2H)8.65(s, IN). 

Anal. Calcd. for C31H31NSO5: C, 70.29; H, 5.89; N, 2,64; S, 6.05. Found: C. 69.91; H, 5.95; N, 2-65; S, 6.29. 

Step (B) Preparation of 6-[3-(3-carbomethoxy-2-niethoxyquinonn-7"yl)thiopropyi]-5-hydroxy-2-(2- 
phenyiethyf>'2,3-ditiydrobenzofuran, E26 

10 

Methanesulfonlcacid (0.5 mL) was added dropwise to a solution of 6-[3-{carbomethoxy-2-methoxyquinonn- 
7-yl)thiopropyi]-5-benzyloxy-2-(2-phenylethyl)-2,3-dihydrobBnzofuran, E25, (1.1 gm; 1.7 mmoles). trifluoroace- 
tic add (1 1 mL) and thioanisole (3 mL) at S'^C The mixture was stirred for 30 minutes and then added in portions 
to an ice cold stining biphasic mixture of saturated sodium bicarbonate solution (150 mL), brine (25 mL), tet- 

iS rahyrofurane (125 mL) and diethyl ether (25 mL), The organic layer was separated, dried (MgS04), filtered and 
concentrated in vacuo. The residue was chromatographed on silica gel using 30% ethyl acetate in hexane as 
eluent to yield 900 mgs (95%) of 8-[3-(3-carbomethoxy-2HTiethoxyquinolin-7-yl)th5opropyl]-5-hydroxy-2-(2-phe- 
nylethyl-2,3-dihydrobenzofuran, E26, that had crystallized from diethyl ether, m.p. 112-114^0. 
<H NMR w: 1.85-2.22 (m, 4H) 2.65-2.92 (m, 4H) 3.12 (t, 2H. J = 3.7 Hz). 3.21 {dd. 1H. J « 15 Hz. J' = 7.5 Hz). 

20 3.94 (s, 3H), 4.16 (s. 3H). 4.48 (s. 1H, phenolic proton), 4.48-4.66 (m, IN), 6.58 (s, 1H), 6.61 (s, 1 H), 7.12-7.34 
(m. 6H), 7.56-7.68 (m, 2H), 8.55 (s. 1H). 

Anal. Calcd. for CsiHaiNSOg: C, 70.29; H, 5.89; N. 2.64; S, 6.05. Pound: C, 69.91; H, 5.95; N, 2.65; S. 6.29. 

Step (C) Preparation of 6-[3-(3-carbomethQxy-2-methoxyquinolin-7-yl)thiopropyn-5-hydroxy-2-(2- 
2S phenyiethyl)-2,3-dihydrot^n2ofijran. E27 

A mixture of 8-[3-(3-carbomethoxy-2-methoxyquinolin-7-yl)thiopropyl}-5-hydroxy-2-(2-phenylethyl)-2,3- 
dihydrobenzofuran, E26, (794 mg; 1 ,5 mmoles), methanol (12 mL) and IN sodium hydroxide (12 mL) was heated 
in an oil bath at 75''C and under nitrogen atmosphere for 45 minutes. The mixture was concentrated in vacuo 

30 to remove most of the methanol and the residue was neutralized with excess 25% ammonium acetate solution. 
The mixture was extracted with ethyiacetate, dried (MgS04), filtered and concentrated in vacuo. The residue 
was chromatographed on silica gel using 65:30:5 hexane:ethylacetae:acetic acid as eluent to yield 165 mgs 
(21%) of 6-[3-(3-carbomethoxy-2-methoxyquinolin-7-yl)thlopropyl>5-hydroxy-2-(2-phenylethyl)-2,^ 
robenzc^uran, E27, m-p. 157-1 61 **C. 

35 m NMR w: 1.77-2J27 (m, 4H) 2.65-2.94 (m, 4H) 3.06 3.27 (m. 3H), 4.25 (s, 3H), 4.62-4.79 (m, 1 H), 6.56 (s, 
1H), 6.68 (s, 1H), 7.10-7.36 (m. 6H). 7.62-7.73 (m, 2H) 8.78 (s, 1H). 

Anal. Calcd. for C30H29NSO5: C, 69.88; H, 5.66; N, 2.71; S, 6.21. Found; C, 70.25; H, 5.94; N, 2.24; S, 5.92. 
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Two Step Synthesis to 5-hydroay-2-<2-phenylethyl)-6- 
(4-phenYlbntVl^-2 . r^-dihydrobg nzofgran 




StepCA) 



StepCB) 
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Step (A) Preparation of 7^ihydrD-2-<2-phenyl-7-K2-(2-phenylethyl)-4-(3-phenylpropyl)-4H-fa 
benzodioxaborin, E28 

A mixture of 5-hydroxy>2-(2-phenyiethyl)-2,3-di-hydrobenzofuran, E5, (1.4 gm; 6 mmoles)» phenyl-boronic 
5 add (876 mgs; 72. mmoles), 4-phenylbutyraldehye (1.3 gm; 9 mmoles), tnchloroacetic acid (300 mgs; 1.8 
mmdes} and toluene (120 mL) was refluxed under nitrogen atmosphere for 7 hours and using a Dean Stark 
to coDect azeotroped water. The mbdure was cooled and stirred with saturated sodium bicart>onate solution. 
The toluene layer was separated, dried (MgSO^), filtered and concentrated to obtain 3.3 gm of crude 7,S-dihyd- 
ro-2^2-phenyl-7-^2-(2-phenylethyl)-4-(3-phenylpropyl)-4H-4ijroI2,3-g]-1.^ E28- 
iO iH NMR w: 1.43-2.24 (m, 6H) 2.43-2.95 (m, 8H) 4.61 4.85 (m, 1H). 5.12-5.27 (m. 1H). 7.04-7.55 (m. 14H), 7.97 
(d. 1H, J = 7.45). 

Step (B) Preparation of 5-hydroxy-2-(2-pheny!ethyl)-6-(4-phenylbutyl)2t3-dihydroben2ofiiran, E29 

iS A mixture of aluminum chloride (2.4 gm; 18 mmoles) in toluene (30 mL) at O^C and under nitrogen atmos- 

phere was added t-butylamine borane (3.8 gm; 36 mmoles). The mixture was stirred for 15 minutes after which 
a solution was obtained. A solution of 7,8-dihydro-2-(2-phenyl-7-(2-(2-phenylethyl>4-(3-phenylpropyl)-4H-fu- 
ro[2,3-g]-1,3^-benzodloxaborin. E28, (3.3 gm, crude) in toluene (15 mL) was added in several portions and 
the resulting mixture was stirred In the cold for 3 hours and at room temperature for 3 hours. The mixture was 

20 added slowed to ice-cold stirring 1 N hydrochloric acid and the mixture stirred until fizzing stopped. The organic 
layer was separated, dried (MgS04), filtered and concentrated In vacuo. The residue was chromatographed 
on silica gel using 80:15:5 hexane:ethylacetate:trietiiyiamine to obtain 995 mgs of 5-hydroxy-2-<2-phenylethyl)- 
6-(4-phenylbutyl>2,3-di-hydrobenzofuran, E29, m.p. SO-SS^C. 

1H NMR w: 1.52-1.79 (m, 4H) 1.85-2.21 (m, 2H) 2.48-2.94 (m. 7H), 3.21 (dd. 1H. J = 15 Hz. J' = 7.4 Hz) 4.25 
25 (s, 1H). 4.64-4.80 (m, 1 H). 6.56 (s, 1H), 6.61 (s, 1H), 7.06-7.37 (m, 10H). 
Anal. Calcd. for C2BH28O2: C, 83.83; H, 7.57. 
Found: C, 84.10; H, 7.68. 
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Three Step Preparation of 5- hvdroxv-2-f2-pheTiyl~ 
VlQXVlproPvn-2 . 3-dihvdroh«>i>g of iiran . 1132 
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Step (A) 

To 1-^ano-2-hydroxynaphthalene (1.5 g; 8.9 mmoles) in N,N*dinnethy[formamide (10 mL) at room tem- 
perature was added sodium hydride (21 0 mg; 8.8 mmOles) and the mixture was stirred for 30 minutes. Then a 

5 solution of E88 (1 g; 2.2 mmoles) in N,N-dimethyIfomnamide (5 mL) was added and the reaction was stirred for 
24 hours at room temperature. More sodium hydride (80 mg; 3.3 mmoles) was added and the reaction mixture 
was heated at 50°C for 4 hours. After cooling to room temperature, the mixture was extracted with diethylether 
(2 X 50 mL). The organic layer was washed with 2N sodium hydroxide (2x15 mL), brine (3 x 20 mL) then dried 
over anhydrous magnesium sulfate, filtered and the solvent was evaporated to dryness. The oily residue was 

10 triturated with ether gh^ing a solid which after filtration gave 600 mg (1 .11 mmoles, 50%) of S-benzyloxy-e-p- 
(1 -cyanonaphthyl-2-yloxy)propyll-2-(2-phenylethyl)-2.3-dlhydrobenzofuran, E30. 

<H NMR w: (CDCI3. 250 MHz) 1.67-2.26 (m, 4H. 2CH2) 2.95-3 J28 (m. 6H. 3CH2) 4.22 (t. 2H, J = 6H2. CH2) 4.74 
(m. 1H. CH), 5.06 (s, 2H, CHj) 6.67 (s. 1H, CH, Ar) 8.78 (s. 1H, CH, A) 7.13-8.12 (m, 16H. Ar) 

IS Step (B) 

A mixture of E 30 (600 mg; 1.1 mmoles) and trt-n-butyltin azide (0.95 mL; 3.3 mmole) was heated at 120*^0 
for 2 hours. After cooling to room temperature, the mixture was dissolved In tetrahydrofuran, applied to a Bio-SII 
silicic acid column, and eluted with a 35:65 mixture of ethyl acetate: hexane. The reaction yielded 470 mg (0.8 
20 mmoles; 73%) of 5-benzyloxy-2-(2-phenyiethyl)-6-{3^1-(141-tetrazol-5-yl)naphth-2-yloxy]prDpyl^^ 
robenzofuran, E31. 

iH NMR w: (CDCI3. DMSO-de. 250 MHz) 1.87-2.19 (m. 4H) 2.54-3.28 (m, 6H) 4.14 (t, br, 2H), 4.73 (m, 1H), 
4.99 (s. 2H) 6.58 (s. 1H). 6.76 (s, 1H). 7.16-7.53 (m. 14H), 7.82 (d, 1H, J = 8Hz), 7.94 (d. 1H, 9Hz), 8.24 (s, 
br. 1H). 



25 



StepC 



A solution of E31 (470 mg; 0.8 mmoles) in acetic acid (12 mL) and 6N hydrochloric acid (1 mL) >vas heated 
at 125^0 for 18 hours. After cooling to room temperature, the solvent was evaporated under vaccum, pentane 
30 (2 X 15 mL) was added, and this solvent was also evaporated under vacuum. The compound was 
chromatographed on Bio-SII silicic acid using 25:75 ethyl acetateihexane as eluant The reaction yielded 100 
mg (0.2 mmole. 25%) of 5-hydroxy-2-(2-phenylethyl)-6-{3-[1-{1-H-tet^azol-5-yI)naphth-2-yioxyl]propyl^2,3- 
dihydrobenzofiiran. E32, m.p. 121-123'*C. 

iH NMR w: (CDCI3. 250 MHz) 1.90-2.26 (m, 4H) 2.70-3.28 (m, 6H) 4.315 (t. 2H, 7H2). 4.75 (m, 1H), 6.62 (s. 
35 1H) 6.72 (s, 1H), 7.19-8.03 (m, 11H). 9.34 (d, J = 8Hz). 
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Step A 

To a solution of cyanophenol (5.29 mg. 4.4 mmoles) in N,N-dimethyIfonnamide (5 mL) at room temperature 
was added sodium hydridic (1 06 mg , 4.4 mmoles). After stirring for 30 minutes a solution of 4-(3-bromopropyt)- 

5 5-benzyloxy-2-(2-phenyfethyl>-2»3-dihydrobenzofuran, E89, (500 mg, 1.1 mmoles) in N,N-fonmamtde (2 mL) 
was added to the reaction mixture and this was stirred for 1 8 hours at room temperature. Ether was added and 
the solution was washed with 2N sodium hydroxide (2x), brine (3x) then dried over anhydrous magnesium sul- 
fate and filtered. The filtrate was concentrated in vacuo and purified by column chromatography using 5:95 
ethylacetate: hexane as elutant, affording 410 mg (0.8 mmoles. 76%) of 5-benzyloxy-4-[3^1-(^anophen-4- 

10 oxypropyll-2-(2-phenylethyl)-2,3-dlhydrobenzoftjran, E33. 

NMR 6: (CDQa, 250 MHz) 1.79-2.15 (m, 4H), 2.67-3.24 (m. 6H), 3.95 (t, 2H. J = 8Hz) 4.72 (m. 1H). 6.00 (s. 
2H). 6.59 (d, 1H, J = 8Hz), 6.71 (d, 1H, J = 8Hz), 6.82 (s, 1H), 6.84 (s. 1H) 7,17-7.52 (m, 12H). 

StepB 

15 

A mixture of E33 (400 mg. 0.6 mnK>!es) and tri-n-butyltinazide (0.7 mL, 2.4 mmoles) were heated at 120'*C 
for 2 hours. After cooling to room temperature, the mixture was chromatopraphed on Blo-SH silicic acid using 
35:65 ethyl acetaterhexane as elutant The resulting oil was triturated in ether to give 315 mg (0,6 mmoles, 
75%) of 5-benzyloxy-2-(2-phenyleth>^)-4-{3-[1 -(1 -H-tetra2ol-5-y!)phen-4-oxy]-propyl}-2,3-dihydrobenzofuran. 
20 E34, as a solid. 

1H NMR 6: (CDaa, 250 MHz) 1.75-2,16 (m. 4H). 2.61-3.27 (m. 6H). 3.97 (m, 2H), 4.71 (m. 1H). 5.00 (s, 2H). 
6.58 (d, 1H, J = 9Hz), 6.70 (d. 1H, J = 9Hz). 6.93 (s. 1H). 6.96 (s, 1H). 7.14-7.44 (m, 10H). 7.93 (s. 1H). 7.96 
(s. IN). 

25 StepC 

To a solution of E34 (3.15 mg, 0.6 mmoles) in acetic acid (12 mL) and 6N hydrochloric acid (1 mL) was 
heated at 120^C for 36 hours. After cooling to room temperature, the solvent was evaporated in vacuo and pen- 
tane (5x15 mL) was added and evaporated In vacuo. The residue was purified by column chromatography 
30 on Bio-Sil silicic acid using 30:70 ethyl acetate:hexane affording 200 mg (0.4 nrmioleSt 67%) of 5-hydroxy-2- 
(2-phenylethyl)-4-{3-[(1-H-tetrazol-5-yl)phen-4H3xy)propyl}-2,3-dihydroberizofuran, E35, m.p. 193-196**C. 
iH NMR 6: (CDCI3. 250 MHz) 1.79-2.18 (m. 2H), 2.60-3.24 (m. 6H), 4.03 (t, 2H. J ^ 7H2) 4.68 (m. 1H). 6.48 (d, 
1H. J = 8Hz). 6.52 (d. J - 8Hz). 6.98 (s, 1H). 7.02 (s. 1H). 7.14-7,28 (m. 5H). 8.00 (s. 1H). 8.04 (s. 1H). 
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Step A 

A mixture of E5 (18.4 g, 76 mmoles). 3-phenoxypropionaldehyde (23 g. 153 mmoles), phenylboronic acid 
(14.8 g. 121,4 mmoles) and propionic acid (1.8 g) was refluxed in toluene (460 mL), with azeotropic removal 

5 of water (DearvStark apparatus), for 4 hours. After cooling to room temperature, a ^turated solution of sodium 
bicart>onate was added and the mixture was stirred for 15 minutes. The mixture was extracted with ether, 
washed with brine (2x), dried over magnesium sulfate and filtered. The filtrate was concentrated in vacuo. A 
white solid crystallized after trituration of the oily residue with ether/hexane. After filtration and air drying, 34 g 
(71.4 mmoles. 94%) of 7K2-phenylethyl)-4-(2.phenoxyethyl>-2-phenyl-7,8-dihydrobenzofOranl6,5-e>1,3,^^ 

10 dioxaborin, E36, were obtained. This compound was not characterized, but used as such in the next step. 

Step B 

To a suspension of aluminum trichloride (26.86 g , 202 mmoles) in dry methylene chloride (640 mL), at 0*C, 
15 was added t-butylamine t)orane (35.07 g, 403 mmoles) portionwise. After 10 minutes a clear solution was 
obtained then E36 (32 g. 67.2 mmoles) was added as a solid. The solution was stirred at O^'C for 2 hours, then 
slowly poured over Ice (1900 mL) and concentrated hydrochloric acid (128 mL) with vigorous stining. 

The mixture was stinred until the bubbling stopped. The layers were separated, the aqueous layer was ext- 
racted with methylene chloride, the organic layers were combined and washed with brine (2x). dried over mag- 
20 nesium sulfate, filtered, and the filtrate was concentrated in vacuo. The residue was chromatographed using 
15:85 elhylacetaterhexane as a solvent give 14 g (37.4 mmoles 56%) of 6-hydroxy-2-(2-phenyiethyl)-6-(3- 
phenyloxypropyl)'2,3-dihydrobenzofuran, E37, identical to the material obtained in Example 14. 
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Step A 

Dry phenol (14 gm, 152 mmoles) was added to 50% sodium hydride dispersion (7 gm; 145 mmoles) in 
dtntethytformamide (200 mL) under nitrogen atmosphere. After staring for 30 minues, a solution of 6-(3-bromop- 

5 ropyi)-5-benz/loxy-2-(2-phenyiethyl)-2,3-dihydrobenzoniran, E88, (8.7 gm; 16.9 mmoles) in dimethylfor- 
mamide (25 mL). The mixture was stirred at room temperature for 3 hours, poured into excess IN hydrochloric 
acid and extracted with diethylether. The ether layer was washed with IN sodium hydroxide twice, dried 
(MgS04), filtered and concentrated In vacuo. The residue was chromatographed on silica gel using 5% ethyl 
acetate in hexane to yield 6.3 g (82%) of 5-benzyloxy-2-(2-phenylethyl)-6-(3-phenoxypropyl)-2,3-dihydroben- 

10 zofiiran, E38, as an oil. 

NMR5: 1.86-2.25 (m, 4H), 1.15-2.95 (m, 5H). 3.24 (dd, 1H. J « 16Hz, J' = 8.5 Hz), 3.96 (t. 3H. J = 6.5 Hz), 
4.6-4.83 (m, 1H), 4.99 (s, 2H). 6.65 (s, 1H), 6.77 (s, 1H), 6.80-7.0 (m. 2H), 7.1-7.5 (m, 13H). 

StepB 

iS 

1 molar boron tribromide solution in dichloromethane (18.8 mL; 18.8 mmoles) was added dropwise to a 
solution of E38 In dichloromethane (300 mL) at-78^C. The mixture was stirred for 10 minutes and methanol (5 
mL) was then added dropwise. The mixture was brought to room temperature and saturated sodium bicarbonate 
solution added. The organic layer was separated, dried (MgS04), filtered and concentrated in vacuo. The rest- 
20 due was chromatographed on silica gel using 15% ethyl acetate in hexane to yield 4.5 gm (76%) of 5-hydroxy- 
2-(2-phenylethyl)-6-(3-phenoxypropyI)-2,3-dihydrobenzo1uran, E37, m.p. 65-70*'C. 
Anal Calcd. for C25H26O3: C, 80.18; H, 6.99 
FoundrC, 80.51; H, 7.15 

iH NMR 6: 1.86-2.24 (m. 4H). 2.68-2.95 (m. 6H), 3.2 (dd. 1H, J = 15Hz. J' = 7.4), 4.0 (t, 2H. J = 5.5) 4.67-4.83 
26 (m. 1H), 5.21 (s. 1H), 6.58 (s, 1H), 6.67 (s. 1H). 6.88-7.04 (m. 3H), 7.13-7.39 (m, 7H). 
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Step A 

To a solution of E5 (1 00 gm, 0.4 mmoles) in dry dichloronnethane (1 .6 L) at 0*^0 under N2 was added a 3.0 
M soiutlon of ethyl magnesium bromide in ether (147 mL, 0.44 moles) slowly with stirring. After 20 minutes. 

5 3-phenoxypropanaldehyde (90 g, 0.6 mole) was added as a solution in dichioromethane (90 mL). The reaction 
mixture was stirred at O^C for 6 hours then triethylamine was added (9 mL) and the reaction concentrated to 
approximately 30% of the original volume at reduced pressure. The residue was diluted with ether (4.5 L) and 
the organic phase was washed sequentially with equal volumes of saturated aqueous ammonium chloride con- 
taining hydrochloric acid (35 mL) and saturated aqueous sodium chloride containing 10% w/v potassium car- 

10 bonate. The residue was subsequently dried over anhydrous magnesium sulfate. Filtration and removal of the 
soh^ent at reduced pressure gave a solid which was purified by first slurrying with ether (500 mL) at 0*^C for 16 
hours, then diluting with an equal volume of hexane. After stirring for 1 hour at O^C the product E39 was isolated 
by fillration (113 gm). The mother liquors were chromatographed (silica, 20% ethyl acetate In hexane) to yield 
a further product (8 gms). 

15 

Step B 

To a solution of the product E39 from above (121 gm, 0.31 mole) in dry THF (1 .2 L) at -78''C under N2 was 
added sequentially methane sulfonyl chloride (57.6 mL, 0.74 mole) in one portion and triethylamine (1 03.8 mL, 

20 0.79 mole) dropwise. After stirring at -78*'C for 15 minutes the reaction mixture was allowed to warm to room 
temnperature, then quenched by the addition of saturated aqueous sodium chloride (1 .2 L). The organic phase 
was separated and then washed with equal volumes saturated aqueous sodium chloride containing 1% HCI 
then saturated aqueous sodium chloride containing 5% potassium carbonate. The aqueous washed were ext- 
racted with 500 mL of THF and the organic phase from this was added to the original organic phase before the 

25 subsequent wash. The combined organic phases were dried for 1 hour over anhydrous magnesium sulfate with 
stirring. The magnesium sulfate was then removed by filtration and the volume of the filtrate was reduced to 
approximately 600 ml^ The concentrated filtrate was added cautiously to a stirred suspension of lithium tet- 
rahydridoaluminate (30 gm) in dry THF (2 L) at C'C under nitrogen. The resulting mbcture was then allowed to 
warm to room temperature and maintained at room temperature for 1 6 hours. The reaction mbcture was cooled 

30 to O^'C and diluted with, sequentially, ether (1.5 L), water (30 ml), aqueous 15% sodium hydroxide (30 mL), and 
water (90 mL) dropwise. The resulting mixture was stirred at O^'C for 2 hours and the pH was adjusted to 
approximately 7 (moist test strip) with acetic acid. Filtration and removal of the solvent at reduced pressure 
gave a oily residue which was dissolved in ether 2L, and washed with aqueous 10% potassium carbonate (2 
X 1L). Drying of the onganic phase over anhydrous magnesium sulfate and removal of the solvent at reduced 

35 pressure gave 5-hydroxy-2-(2-phenylethyl)-6-(3-phenoxypropyl)-2,3-dihydrobenzofuran, E37, as an off white 
solid. Purification of this material as described for the other methods for its preparation gave product which was 
indistingui8hat>le firom that prepared in Examples 13 and 14. 



40 



45 



SO 



SS 



61 



BNSDOCID: <EP ^04471B9A1J_> 



EP 0 447 189 A1 



SZAMPLE 16 

Two Step Preparafien ';-earb«rviii e tho»v-2-<-2- 
Phenvlcthvl >-6-<3-Phenoacvpropvl^~2 . 3.«j ihvdrnf«r^T ^g^ i 




0447189A1J_> 



62 



EP 0 447 189 A1 



10 



28 



30 



35 



40 



45 



60 



55 



Step A 

To a solution of E37 (500 mg, 1.34 mmoles) in butan-2-one (10 mL) and potassium carbonate (370 mg; 
2.68 mmole) was added benzyl bromoacetate (0.468 mL; 2.68 mmoles) and the mbcture was refluxed for 18 
hours. After cooling to room temperature, the reaction mixture was filtered on celite and the filtrate purified by 
column chromatography using 10:90 ethyl acetateihexane as elutant giving 667 mg (1.28 mmoles, 96%) of 5- 
cartx)benzyloxymethoxy-2-(2-phenylethyl)-6-(3-phenoxypropyl)-2,3-dihydrobenzofuran, E40. 

NMR6: (CDCI3, 250 MHz) 1.88-2.21 (m. 4H), 2.70-3.24 (m, 6H). 3.96 (t, 2H, J = 8Hz) 4.59 (s, 2H), 4.74 (m, 
1H), 5.23 (s, 2H). 6.58 (s, 1H), 6.64 (s, 1H), 6.88-7.37 (m, 15H). 

StepB 



To a solution of E40 (200 mg, 0.38 mmoles) in ethanol (5 mL) was added 10% palladium on charcoal (50 
mg) and the mixture was hydrogenated for 2 hours on the Parr apparatus at 50 p.s.i.. The mixture was filtered 
15 on celite and the filtrate was concentrated in vacuo. The residue was triturated with diethylether to obtain a 
solid which was filtered and air dried. The solid comprised of 1 40 mg (0.32 mmoles, 84%) of 5-carboxymethoxy- 
2-(2-phenylethyI)-6-(3-phenoxypropyi)-2,3-dihydrobenzofuran, E41, m.p. 120-121**C. 

NMR 8: (CDCI3. 250 MHz) 1.89-2.23 (m, 4H). 2.71-3.30 (m. 6H). 4.02 (t 2H, J = 7Hz) 4.58 (s, 2H), 4.76 (m, 
1H), 6.64 (s. 1H), 6.66 (s. IN), 6.91-8.98 (m. 3H). 7.18-7.33 (m. 8H). 
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Step A 

To a stirring solution of methyl 2-(4-hydroxyphenyO-2-methylpropionate (0.81 g; 4.19 mmol) In dry dimethyl- 
fomnamkJe (8 mL) was added sodium hydride (192 mg, 4 mmol) as a 50% dispersion in on. The mixture was 

5 stirred at room temperature for 30 minutes. A solution of 6-(3-bromopropyl)-5-benzyloxy-2-(2-phenylethyl}-2,3- 
dihydrobenzofuran, ESS, in dry dimethylformamide (2 mL) was added. The resulting mbcture was stirred at room 
temperature for 20 hours. The mbcture was poured Into cold dflute HCI (1N, 25 mL) and extracted twice with 
ethylacetate (50 mL). The combined organic extracts were washed with 1N HCI (25 nrU x 2) and brine (25 mL). 
dried (Na2S04) and concentrated in vacuo. The residue was chromatographed on silica gel to ghre 500 mg (87% 

to yield) methyl-244-{342,SKjihydro-5-benzyloxy-2K2-phenylethyl)benzofuran-6-yl]propQxyI^^ 
propanoate, E42. 

•"H NMR 6: 1.85-2.2 (m. 2H), 2.65-2.94 (m. 3H), 3.21 (d, d, 1H, J = 15 Hz, J' = 9Hz) 3.64 (s, 2H), 3.92 (t, 2H) 
4.73 (m. 1H), 4.98 (s, 2H), 6.63 (s, 1H) 6.76 (s, 1H), 6.80 (d, 2H, J = 7.5 Hz), 7.13-7.48 (m, 12H) 

IS StepB 

The methyl ester E42 (500 mg) was hydrolysed by treating it with ethanol (5 ml) and sodium hydroxide (5N, 
2 ml) for 2 1/2 hours at room temperature. The resulting mixture was neutralized with cold dilute (1N) HCI and 
extracted with ethyl acetate (50 ml). The organic extracts were dried (Na2S04) and concentrated in vacuo to 

20 give 442 mg of the corresponding acid which was hydrogenated without further characterization. A mixture of 
the acid (400 mg) and palladium on charcoal (40 mg, 10%) In ethanol (40 ml) was hydrogenated at 50 p.s.i. 
for 1 1/2 hours. The mbcture was filtered through celite. The filtrate was concentrated in vacuo and 
chromatographed on Bio-Sil (eluted with 20% ethyl acetate in hexane) to give 300 mg (92%) yield of 2-[4-I3- 
[2,3-dihydro-5-hydroxy-2-(2-phenylethyl)benzofuran-6-yl]propoxy]phenyl}-2-methyipropionic add, E43, m.p. 

25 134.136<»C. 

iH NMR 6: 1 .83-2.22 (m, 2H). 2.75-2.92 (m. 3H), 3.2 (dd. IN. J = 16.7 Hz. J' = 7.5 Hz) 3.97 (I, 2H, J = 5.5 Hz) 
4.75 (m, 1H). 6.58 (s. 1H), 6.66 (s. 1H) 6.90 (d. 2H. J = 8.3 Hz), 7.15-7.39 (m. 7H) 
Anal Calcd. for C29H32OS: C. 76.63; H, 7.00 
Found: C, 75-30; H. 7.14 
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Step A 

Following the same procedure described above for producing compound E26 from £88 and using 2-thtol- 
benzothiazole (858 mg, 1.46 mmoie), 2-<3-(2»3-dihydro-5-benzyloxy-2-(2-phenylethyl)benzofuran-6-yl]- 
5 propanthiol)benzothiazole, E44, was Isolated In 91 % yield (712 mg). Without further characterization, the benzyl 
protecting group was cleaved by treating the latter (507 mg, 1.05 mmol) with HCI (6N, 1.4 mi) and acetic add 
(11 ml). The mixture was refluxed for 18 hours. The mbcture was concentrated in vacuo. The residue was 
chromatographed on silica gel (eluted with 20% ethyl acetate in hexane) to give 223 mg (50%) of the title com- 
pound mp 134-136''C. 

10 1H NMR 6: 1 .83-2.03 (m, 1 H). 2.03-2.25 (m. 3H), 2.67-2.95 (m. 5H) 3.20 (dd, 1 H, J = 15 Hz, J' = 9Hz) 3.35 (t. 
2H, J = 6.3 Hz) 4.62-4.82 (m, 1H). 5.24 (s, 1H). 6161 (s, IH) 6.67 (s. 1H) 7.12-7.50 (m. 7H). 7.75 (d. 1H. J = 7 
Hz), 7,94(d.1H, J = 7Hz). 

Anal Calcd. for CzsHssNOjSz: C, 69.79; H, 5.63; N, 3.13; S, 14.30. Found: C, 69.83; H, 5.94; N, 2.95; 
S, 14.36. 
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Step A 

To a stirred solution of ESS (650 mg, 1.44 mmol) and niethyl-4-hydroxyben2oate (610 mg, 4.0 mmols) in 
dry dinnethylformamide (5 mL) at 0*»C under an atmosphere of dry nitrogen was added dry sodium hydride (98%, 
88 mg, 3.67 mnioies) In one portion. The resulting mixture was stirred for 10 minutes at O'^C then allowed to 
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warm to room temperature. The reaction mixture was allowed to stand at room temperature for 16 hours then 
diluted with Et20 25 mL The organic phase was washed sequentially with equal volumes of H2O in 1 N NaOH 
(aqueous) and saturated aqueous sodium chloride then dried over anhydrous magnesium sulfate. Rtration and 
removal of the solvent at reduced pressure gave the coupling product p-[3-{2,3-dihydPO-5-benzyloxy-2-(2-phe- 
5 nytethyl)t>enzofuran-6-yl]propoxy]t>enzoic acid, E45, as an oil which was used without further purification. 

Step B 

To a solution of hydroxylamine hydrochloride (140 mg, 2 mmol) in absolute ethanol (2 mL) was added a 
io 2M solution of sodium ethoxide in ethanot (2 mL). The resulting mixture was stin-ed at room temperature for 30 
minutes then a solution of the coupling product E45 from above in tetrahydrofuran (dry, 4 mL) was added. The 
resulting mixture was stinred at room temperature for 16 hours then diluted with dichloromethane (50 mL). The 
organic phase was washed sequentially with equal volumes of saturated aqueous sodium chloride, aqueous 
20% citric acid solution (2x) and dryed over anhydrous magnesium sulfate. Filtration and removal of the solvent 
iS at reduced pressure gave a residue which was purified by swishing with ether at C'C (2 x 20 mL) to remove 
any remaining starting material to give p-[3-[2,3-dihydro-5-benzyloxy-2-(2-phenylethyl)benzofuran-6-yi]pro- 
poxylphenyl hydroxamic acid. E46 (245 mg). 

iH NMR (250 MH2.CDCI3) S: 1.0-2.2 (4H, m, -O-CH-CH^-CjirPh. Ar-CHi-CHrCHz-O-); 2.6^2.95 (5H. m, -CHr 
CH2-Ph, Ar-CtirCHz-, At-CHUHb-CH-O); 3.24 (1H, dd, J = 8.26 Hz, J' = 14.6 Hz, Ar-CH^vtlB-CH-O); 4.00 (2H, 
20 t. J = 6.6 Hz, CH2CH2-O-); 4.76 (1H. m, Ar-CHjCH-O); 5.00 (2H, s, Ph-CHrC); 6.64 (s, 1H, Ar H (H-7)); 6.78 
(s, 1H, ArH{H-4)); 6.88 (d. 2H. J = 7.6 Hz, -Ar-C(O) NHOH-meta H's); 7.1-7.5 (10H, m. 2Ph); 7.67 (2H. d, J = 
7.5 Hz. -Ar-C(0)NHOH-ortho H's). * 



25 



40 



45 



SO 



55 



Step C 



To a solution of E46 Irom above (200 mg, 0.46 mmol) in ethanol (20 mL) under nitrogen was added 10% 
palladium on carbon (25 mg). The resulting suspension was shaken under an atmosphere of hydrogen (50 psi) 
for 4 hours then filtered through washed celrte and the solvent was removed at reduced pressure. 
Chromatography of the residue on 100-200 mesh Blosil-A (30-50-75%) ethyl acetate In hexane) gave the title 
30 compound for this example, E47, (101 mg), m.p. 146-148*'C- 

1H NMR (250 MH2,CDa3 + CD3CO2D) 5: 1 .8-2.2 (4H, m. -O-CH-CH^, Ar-CH^-Clij-); 2.6-3.0 (5H. m, -CH2-CH2- 
Ph, Ar-Ctb-CH^-. At-CHaHb-CH-O); 3.21 (1H. dd, J = 8.3 Hz, J' = 14.5 Hz, At-CHaHb-CH-O); 4.03 (2H, bt. J = 
6.3 Hz, CHjCHj-O-); 4.75 (1H. m. Ar-CHzCH-O); 6.65 (1H. s, ArH(H.7)); 6.78 (1H. s, ArH (H-4)): 6.86 (2H, bd. 
J = 7.5 Hz); 7.1-7.35 (5H, m, Ph-H's); 7.72 (2H, bd, J = 7.5 Hz). * 
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Step A 

A mixture of 2-hydroxy>5*ben2:yloxy-acetophenone (93 g, 380 mmoles), p-methoxyphenacyt bromide (88 
g. 384 mmoles) and potassium carbonate (106 g, 768 mmoles) in acetone (1.5 L) was refluxed for 46 hours. 
5 The reaction mixture was cooled and filtered. The filtrate was evaporated in vacuo. The residue was 
chromatographed on silica gel using 10% ethylacetate in hexane as eluent to yield (127 g. 89%) of 2-(p- 
methoxybe nzyl)-3-methyl-5-benzyi-oxybenzofuran, E48. 

iH NMR 5: 2.55 (s, 3H, CH3). 3.85 (s, 3H, CH3O), 5.1 (s, 2H, benzylic proton) 7,00 (d, J = 9 Hz. 2H, proton 
ortho to methoxy) 7.15 (m, 2H, aromatic proton) 7.45 (m, 6H, benzylic proton 1 proton) 8.15 (d, J - 9 Hz, 2H, 
to proton ortho to t>enzoyl). 

StepB 

A solution of E48 (5 g, 1 3.44 mmoles) In ethanol (1 00 ml) was hydrogenated in a Parr apparatus in presence 
iS of 5% palladium on carbon for a period of 1 hour. The catalyst was removed by filtration and the filtrate was 
concentrated to dryness. The product the 2-(p-methoxybenzoyl)-3-methyl-5-hydroxybenzofuran, E49, was 
used as such In the next step. 

StepC 

20 

To a sdutbn of £49 (3.8 g. 13.44 mmoles) in trifluoro acetic acid (30 ml) was added triethyl silane (15 ml, 
94 mirioles). The reaction mixture was stirred at room temperature for a period of 1 8 hours. The mixture was 
diluted with H2Q 50 ml and neutralized with K2CO3 (solid). The solutbn was extracted with ethyl acetate and 
the combined organic phases were dried Na2S04 and concentrated in vacuo. The residue was 
25 chromatographed on silica gel using 1 0% ethylacetate in hexane as eluent to yield 3 g» 84% of 5-hydroxy-3- 
methyl-2-p-methoxybenzyl-2,3-dihydrobenzofuran, E50. 

iH NMR 6: 1.15 (d. J = 6 Hz, 3H) 3.05 (m, 3H, ben^ic protons) 3.78 (s, 3H, methoxy), 4.4 (q, 1H, methyne) 
4.72 (m, 1H, ben^ic methyne) 8.65 (s, 3H, aromatic) 6.85 (d, J » 9 Hz, 2H) 7.2 (d, J ' 9Hz. 2H). 

30 
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IS 
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2S 
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Step A 

A mixture of E50 (16 g, 59^5 mmoles), allyl bromide (10 g. 82.6 mmole). K2CO3 (8.1 7 g, 59.2 mmoles) in 
40 acetone (300 m!) was refluxed for a period of 1 8 hours. The reaction mixture was cooled, fatered through celite 
and concentrated in vacuo. The residue was chromatographed on silica gel using 5% ethyl acetate in hexane 
as eluent to yield 22 g (100%) of 5-allyloxy-3-methyl-2-p-methoxybenzyl-2,3-dihydrobenzofijran. E51. 

NMR 6: 1 .05 (d. J = 6 Hz. 3H) 2.7-3.3 (m. 3H.) 3.7 (s. 3H) 4.4 (m, 2H) 5.1-5.3 (m, 2H olefinic proton) 6.0 (m, 
1H) 6.6 (s, 3H) 6.8 (d. J 9 Hz. 2H) 7.15 (d, J = 9Hz, 2H). 

45 

Steps 

A solution of 5-allyloxy-3*nnethyl-2-p-methoxybenzyl-2,3-dlhydrobenzofuran. E51, (22 g, 59 mmoles) in 
dichlorobenzene (100 ml) was refluxed for a period of 18 hours. The solution was concentrated in vacuo. The 
so residue was chromatographed on silica gel using 15% ethyl acetate in hexane as eluent to yield 18 g (82%) of 
6-allyl-5-hydroxy-3-methyl-2-p-methoxybenzyl-2,3-dihydrobenzofuran, E52. 

m NMR 6: 1.05 (d. J = 6 Hz. 3H) 2.6-3.2 (m, 3H.) 3.25 (d, 2H) 3.7 (s. 3H) 4.35 (m. 1H) 4.65 (s, 1H. phenolic 
proton) 5.05 (m. 2H. olefinic proton) 6.0 (m. 1H) 6.5 (s, 2H). 6.8 (d. J = 9 Hz, 2H) 7.15 (d, J « 9Hz. 2H). 

55 Step C 

A solution of E52 (0.5g, 1.35 mmoles) was added potassium carbonate (0.44 g. 3.2 mmoles) and benzyl 
tHTomlde (0.38 ml, 3.2 mmoliBs). The reaction mbeture was refluxed for 6 hours. The suspension was filtered 
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through celite and concentrated in vacuo. The residue was chromatographed on silica get using 5% ethyl ace- 
tate in hexane to yield (0.6 g. 96%) of 5-benryloxy-6-allyl-3-methyl-2-p-niethoxyben2yl-2,3-dihydrobenzofiiran. 



Step D 

To a solution of ESS (0.5 g, 1 .25 mmoles) in THF (5 ml) cooled at O^C was added 1 M borane in THF (3.2 
ml, 3.2 mmoles). The reaction mixture was stirred for 3 hours. Trimethylamlne-N-oxIde (1.1 g, 10 mmoles) was 
then added and the reaction mixture was refluxed for 3 hours. The mixture was concentrated in vacuo and the 
residue was chromatographed on silca gel using 20% ethyl acetate in hexane to yield 6-(3-hydroxypropyl)-5. 
ben2:yloxy-2-p-methoxybenzyl-3.methyl-2,3.dihydroben20furan, E54, (0.34 g. or 47%). 
iH NMR 5: 1 .1 (d. J = 6 Hz. 3H) 1 .6-2.0 (m, 2H,) 2.65 (t, J = 6Hz. 2H) 2.8-3.3 (m. 3H) 3.5 (t, J = 6 Hz. 2H) 3.7 
(s. 3H, methoxy) 4.4 (q. 1H, methyne) 4.95 (s. 2H) 6.5 (d, 2H. H4, H7) 6.75 (d. J = 9Hz, 2H) 7.15 (d. J = 9Hz. 
2H) 7.3 (s. 5H). 

StepE 

To E54 (0.425 g, 1 mmole) dissolved in THF (50 ml) was added diethyl azodlcarboxylate (0.265 g. 1.5 
mmoles) and phenol (0.1 g. 1 mmole). The solutfon temperature was lowered to 0*»C and a solution of triphenyl 
phosphine (0.4 g, 1.5 mmoies) in THF (5 ml) was added dropwise. Then the reaction mixture temperature was 
raised to room temperature and stinred for 3 hours. The mixture was concentrated in vacuo. The residue was 
chromatographed on silica gel using 20% ethyl acetate in hexane to yield 0.21 g or 42% of 6-(3-phenoxypropyl)- 
5-benzyloxy-2-p-methoxybenzyl-3-methy|.2,3-dlhydrobenzofuran. E55. 

^H NMR 5: 1 .15 (d, J = 6 Hz, 3H) 2.05 (m. 2H.) 2.75 (t, J = 6Hz, 2H) 3.05 (m. 2H) 3.75 (s. 3H) 3.95 (t, J = 6 Hz, 
2H) 4.4 (s, 1H. methyne) 4.95 (s. 2H) 6.55 (s, IH, H7) 6.6 (s. 1H. H4) 6.75-6.95 (m. 5H) 7.05-7.45 (m. 9H). 

StepF 

A solution of E55 (0.1 g, 0.2 mmole) in ethanol (15 ml) was hydrogenated in a Parr apparatus in the pre- 
sence of 1 0% palladium on carbon at 35 psi for 4 hours. The catalyst was removed by filtration and filtrate was 
concentrated to dryness. The residue was chromatographed on silica gel using 10% eth^ acetate in hexane 
as eluent to yield 60 mg or 75% of 6-(3-phenQxypropyI)-5-hydroxy-2-p-methoxyben:^3-methy|.2.3-dihyd- 
robenzofuran, E56. 

IH NMR 5: 1.05 (d. J = 6 Hz. 3H) 1.9 (q. 2H,) 2.6 (t. 2H) 2.7-3.1 (m. 3H) 3.65(s, 3H) 3.85 (t. 2H. CHjr-O) 4.35 
(q. IH. methyne) 6.4 (s, 2H, H4 H7) 6.6-6.9 (m. 5H) 7.0-7.25 (m, 4H). 
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5 Four Step Preparation of 6-(4-(p-chlorophenyl>« 
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Step A 

so The 5-posrtion hydroxy protecting group of E54 which is benzyl, is converted by standard methods to t- 
butyldimethyl silyl. Produced is 6K3-hydroxypropyI)-54-butyldimethylslloxy-3-methyl-2-pHrnethoxyben2^^ 
dihydrobenzofuran. E54'. 

StepB 

55 

To a cooled solution (-60«C) of cxaiyi chloride (34 mL, 0.4 mmole) In CH2CI2 (5 mL) was added DMSO (68 
mU 0.87 mnwies) dissolved in CH2CI2 (1 mL) dropwise. This mixture was stirred for 10 minutes. Then E54' 
(161 mg, 0,36 mmole) in CH2CI2 niL) was added dropwise. After 16 minutes at-eO^'C, triethyiamine (250 ml^ 

75 



BNSDOCID: <EP ^0447189A1 J_> 



EP 0 447 189 A1 



1.7 mmoles) was then added to the solution. The temperature of the mixture was raised to room temperature, 
water (3,0 mL) was added, the organic phases were separated and the aqueous were reextracted with CHaCIa. 
The combined organic phases were dried (NajSO^) and concentrated under vacuo. The residue was 
chromatographed on sitica gel using 10% ethyl acetate in hexane as eiuent to yield (0.15 gm, 94%) of title com- 
pound 5-t-butyldimethylsilyloxy-6-(3-oxopropyI)-3-methyl-2-p-methoxyben2yl-2,3-dihyd E57. 
m NMR5: 0.15 (s. 6H) 0.95 (s. 9H) 1.15 (d, J = 6 Hz, 3H) 2.4-3.3 (m. 7H) 3.75 (s, 3H) 4.35 (m. 1H. methyne) 
6.48 (s, 2H. H4. H7) 6.8 (d. J = 9 Hz, 2H) 7.15 (d, J = 9Hz. 2H) 9.8 (s. 1H, aldehyde proton). 

StepC 

To ethanol (5 ml) was added Na (4.6 mg. 0.2 mmoles) at room temperature. The mixture was stirred until 
the sodium was completely dissolved. To this cooled at 0*C solution was added p-chlorobenzyl triphenylphos- 
phonium chloride. (84.4 mg, 0.2 mmole) and this solution was stirred for 30 minutes. To this phosphorane sol- 
ution was added E57 (50 mg, 0.1 1 mmoles). The reaction mixture was stirred at 0*^C for 1 .30 hours. This solution 
was acidified with HCI 1N and concentrated In vacuo. The residue was chromatographed on silica gel using 
1 0% ethyl acetate in hexane to yield 30 mg, 61 % of 5-tert-butyldimethylsilyoxy derivative that was freated with 
tetrabutyl ammonium fluoride (53 mL, .05 mmole) and stinred for 1 hour at 0*»C. The reaction mixture was then 
concentrated in vacuo. The residue was chromatographed on silica gel and eluted with 10% ethyle acetate in 
hexane to yield 6-(1.p-chtorophenyibuten-4-yl)-5-hydroxy-3^Tlethy^2-p^1lethoxybenzyl-2,3^ 
ran, £58. 

m NMR5: 1.15 (d, J = 6 Hz. 3H) 1.28 (d, J = 6 Hz, 3H) 2.3-3.3 (m, 7H) 3.8 (s, 3H) 4.1 (m. 1H) 4.35 (s. 1H. 
hydroxy) 6.3 (s. 1H. olefinic) a5 (s, 2H) 8.85 (d, 7.5 Hz, 2H) 7.28 (m, 6H, p-chlorophenyl). 

Step D 

A solution of E58 (30 mg, 0.07 mmole) in ethanol was hydrogenated in a Parr apparatus In the presence 
of 1 0% palladium on carbon. The catalyst was removed by filtration and the filtrate was concentrated to dryness. 
The residue was chromatographed on silica gel to yield 20 mg or 86% of 6-(4-(p-chlorophenyi)butyi)-5-hydroxy- 
3-methyl-2-p-methoxybenzyl-2,3-dihydrobenzofuran, E59. 

m NMR5: 1.18 (d. J = 8 Hz. 3H) 1.55 (m. 4H) 2.5 (m, 4H) 2.8-3.2 (m, 3H) 3.75 (s. 3H) 4.3 (m, 1H, methyne) 
6.45 (s. 2H, H4. H7) 6.85 (d, 2H) 7.15 (m, 6H, aromatic). 
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Step A 



so 



To a mixture of p-methoxyphenol (62 gm; 500 mmoles), 3-methyl-2-buten-1-ol (4.3 gm; 500 mmoles), and 
diethyl azodicarboxylate (1 08 gm; 625 mmoles) In tetrahydrofuran (2 L) at 5*^0 was added a solution of triphenyl- 
phosphine (163 gm; 625 mmoles) in tetrahydrofiiran (500 mL) over 30 minutes. The mixture was then stirred 
at room temperature for 1 hour and then concentrated in vacuo. The residue was triturated with 5% ethylacetate 
in hexane. The solid was filtered off and the filtrate concentrated in vacuo. The residue was chromatographed 
on silica gel using 5% ethylacetate in hexane as eluent to obtain 67 gm (70%) of 3-methyi-2-buten-1-yi-p-me- 
55 thoxyphenylether, E60, as an oil. 

iH NMR 6: 1.70 (s. 3H). 1.76 (s. 3H), 3.7 (s. 3H). 4.36 (d, 2H. J = 6H2), 5.23-5.6 (m. 1H). 6.76 (s, 4H). 
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StepB 

A mixture of E60 (42 gm; 219 mmoles) n-butyric anhydride (69 gm; 438 mmoles). and N,N-dlnnethylaniline 
(66 gm; 547 mmoles) in 1,2-dichtorDbenzene (200 mL) was refluxed for 24 hours under nitrogen atmosphere. 
5 After cooling to room temperature, water (100 mL) was added and the mixture stirred for 2 hours. 3N hyd- 
rochloric acid (200 mL) was then added followed by dichioromethane (100 mL). The organic layer was sepa- 
rated, washed with 3N hydrochloric acid (200 mL), 1N sodiuni bicarboante (300 mL), dried (MgS04), filtered 
and concentfHted in vacuo until most of the 1^-dichlorobenzene was driven off. The residue was 
chromatographed on silica gel using 10% ethyl acetate in hexane to obtain 39.5 gm (68%) of a mixture con- 
to taining 2-<1,1-dimethylallyl)-p-methoxy phenyl n-butyrate, E61, 2-(1,2-dimethylaHyl)-p-methoxy phenyl n-buty- 
rate and 4-methoxyphenyl n-butyrate. The definlc mixture was separated in the next step as their epoxides. 

StepC 

IS To a mixture of E61, o-(1,2-dimethy!allyl)-p-methoxyphenyl n-butyrate and p-methoxyphenyl n-butyrate 

(39.5 gm) in dichioromethane (900 mL) was added in portions metachloroperbenzoic acid (52 gm; 300 mmoles). 
The mixture was stirred at room temperature overnight The reaction mbcture was cooled in an ice-water t>ath 
and calcium hydroxide (1 50 gm) was added. After stirring for 1 5 minutes the mixture was filtered through a celite 
pad and the filtrate concentrated in vacuo. The residue was chromatographed in silica gel using 10% ethyl ace- 

20 tate in hexane to obtain 20 gm (47%) of o-(1,1-dimethyl-2,3-epoxypropyl)-p-methoxyphenyl n-butyrate. E62, 
as an oil. 

1H NMR S: 1.03 (t. 3H. J s 7.5 Hz), 1.2 (s, 3H). 1.3 (s, 3H), 1.6-2.0 (m, 2H), 2.43-2.83 (m, 4H). 3.06-3.20 (m. 
1H). 3.76 (s, 3H) 6.6-7.06 (m, 3H). 

25 StepD 

To a solution of £62 (41 gm; 147 mmoles) in ethanol (600 mL) at 5<*C was added 0.5 M sodium ethoxide 
in ethanol (328 mL). The mixture was stirred for 30 minutes and then water added. The mbcture was extracted 
with diethyl ether, backwashed with brine, dried over MgSO, filtered and concentrated in vacuo to give 30 gm 
30 (98%) of 3,3-dlmethyl-2-hydroxym6thyl-5-methoxy-2,3-dihydrobenzafuran, E63, m.p. 65-67*»C. 

iH NMR 6: 1.13 (s, 3H), 1.33 (s, 3H). 1.96 (t, 1H. J = 6 Hz), 3.6-3.93 (m, 5H), 4.2-4.4 (m, 1H), 6.5-6.8 (m, 3H). 

StepE 

35 To a solution of E63 (30 gm; 144 mmoles) In dichioromethane (1 L) at 78''C was added dropwise 1 M boran 
tribromlde in dichioromethane (300 mL). The mixture was permitted to rise to room temperature over 1 hour 
and then re-cooled to 5**C. 1M sodium bicarbomate was added slowly and the mixtre was stinred at room tem- 
perature until 2 clear layers were obtained. The organic layer was separated, dried over MgSO^ filtered and 
concentrated in vacuo. The residue was chromatographed on silica gel using 40% ethyiacetate in hexane as 

40 eluent to obtain 13.1 gm (47%) of 3,3-dimethyt-5-hydroxy-2-hydroxymethy>-2.3-dihydroben20furan. E64. m.p. 
79-80«C. 

^H NMR5: 1.16 (s. 3H), 1.36 (s. 3H), 2.06 (t. 1H, J = 6 Hz). 3.73-3.93 (m, 2H), 4.23-4.46 (m. 1H), 4.96 (s, 1H) 
6.5-6.6 (m, 3H). 

45 Step F 

A mixture of E64 (14 gm; 72 mnrujles), potassium carbonate (21 gm; 1 55 mmoles) and benzyl chloride (1 9.5 
gm; 155 mmoles) in methyl ethyl ketone was stirred at reflux for 18 hours. The mbcture was filtered through a 
celite pad and the filtrate concentrated in vacuo. The residue was chromatographed on silica gel using 30% 
50 ethyl acetate as eluent to obtain 1 4.5 gm (71 %) of 5-benzyloxy-3,3-dimethyl-2-hydroxymethyl-2,3-dihydroben- 
zofuran, E65, m.p. 55-58*C. 

iH NMR & 1.16 (s, 3H), 1.36 (s. 3H), 1.96 (t. 1H, J = 6 Hz), 3.7-3.9 (m, 2H). 4.26-4.46 (m, 1H). 4.96 (s, 2H) 
6.63-6.76 (m. 3H, 7^-7.53 (m, 5H). 

55 StepG 

To a cold (-78*C) solution of oxalyl chloride (1.78 gm. 14 mmoles) In CH2CI2 (50 mL) was added DMSO 
(2.18 gm, 28 mmoles) in (10 ml) CHzOz dropwise. This solution was stinred for 15 minutes. Then E65 (2.0 gm. 
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7 mmoles) was added and the resulting nntxture was stirred at -78''C for 30 minutes. To the reaction mixture 
was added ET3N (3.55 gm, 35 mmoles) and the temperature was raised to room temperature. Then H2O (100 
mL) was poured into the reaction mixture and stirred for 15 minutes. The organic phase was separated from 
the aqueous. The organic phase was concentrated in vacuo, and the residue was chromatographed on silica 
5 gel. The elution with 15% ethyl acetate in hexane yielded 1.8 gm (91 %) of 5-benryloxy-3.3-dimethyl-2,3^ihyd- 
iobenzofuran-2-carboxyaldehyde, E66. 

m NMR 6: 1.2 (s, 3H). 1.5 (s, 3H). 4.5 (d. J = 1.5 Hz. 1H. methyne) 5(s, 2H), 8.75 (m. 3H), 7.35 (m. 5H), 9.8 
(d. J = 1.5 Hz. 1H, aldehyde proton). 

10 Step H 

To p-methoxybenzyl diethyl phosphonate (0.6 gm. 2.3 mmoles) cooled at-78*C in THF (20 ml) was added 
potassium hexamethy! disilazide (3.6 mU 2.3 mmoles) and the yellow solution was stirred for 30 minutes. Then 
E66 (0.2 gm, 0.7 mmoles) dissolved In 5 mL THF was added to the phosphonate solution. The reaction mixture 
IS was warmed to O'^C and stirred for 30 minutes. Subsequently the reaction mixture was acidified with HO IN, 
diluted with brine and extracted with ethyl acetate twice. The combined organic phases were dried (Na2S04) 
and evaporated. The residue was concentrated in vacuo and was chromatographed on silica gel. The elution 
with 10% ethyl acetate In hexane yielded 0.1 gm, (37%)of 2-(2-p-methoxystyryl)-3,3-dimethy!-5-benzyloxy-2,3- 
dihydrobenzofuran, E67. 

20 m NMR 5: 1.1 (s, 3H). 1.35 (s, 3H). 3.7 (s, 3H) 4.75 (d. 1H, J = 9 Hz) 4.96 (s. 2H, benzyloxy). 6.25 (dd. J = 7.5 
Hz, J" - 12 Hz. 1H) 6.75 (m, 4H) 7.35 (m. 5H, benzyl). 

Egftaple 2^ 

25 

One Step Preparation of 2-(2-p-inethoxyphenylethyl>- 

30 




Step A 

A soludon of E67 (0.1 gm, 0.26 mmoles) in ethanol (5 mL) was hydrogenated in a Parr apparatus in the 
presence of 5% palladium on carbon for 4 hours. The catalyst was removed by filttation and the filtrate was 
concentrated to dryness. The residue was chromatographed on sQIca gel using 20% ethyl acetate in hexane 
as eluant to yield 60 mg, 78% of 2-<2-p-metho)Qrphenylethyl)-3,3Klimethyl-5-hydfO)^-2,3-dihydrobe 
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£68. 

NMR6: 1.05 (s. 3H), 1.18 (s. 3H). 1.5-2.1 (m. 2H) 2.4-3.1 (m, 2H) 3.7 (s, 3H) 4.1 (dd, J = 3H. J* * 9 Hz. 
methyne) 4.75 (m, 1H. OH) 6.55 (m, 3H) 6.8 (d, J := 9 Hz. 2H) 7.1 (d, J = 9 Hz, 2H). 
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EXAMPLE 71; fccnt'i1> 




E78 



Step A 

Starting material. 3.3-dimethyl-&-hydroxy-2-2.3-dihydrobenzofuran was purchased on the market Also, it 
is a material readly available from benzoquinone by the procedure of G. Allen, Jr., J. Org. Chem. (1 968) 3346- 
3347. Otherwise, this material might be manufactured from compound 8 of Flow Sheet B. Rrstly. an ozonolysis 
is performed with reductive workup to make an aldehyde of the potential 2-positIon carbon. Subsequently, this 
aldehyde is treated with methanol and acid to close the furanyl ring and produce a 2-position methoxy sub- 
stitution. Finally, the 5-position protecting group is removed. 

A mixture of starting material from above (74 gm; 380 mmoies), allylbromide (92 gm; 760 mmoles) potas- 
sium carbonate (104 gm; 760 mmoles) and methylethylketone (500 mL) was refluxed for 4 hours. The mixture 
was cooled. fBtered through celite and the filtrate concentrated in vacuo. The residue was chiomatographed 
on silica gel using 15% ethyl acetate in hexane as eluent to yield 68 gm (77%) of 5-a[lyioxy-3,3-dimethyt-2-me- 
thoxy-2,3-dihydrobenzofuran, E69 as an oil. 

1H NMR 5: 1.26 (s. 3H), 1.33 (s. 3H), 3.53 (s. 3H) 1.4-4.63 (m, 2H) 5.0-5.63 (m, 2H), 5.8-6.4 (m, 1H), 6.73 (s, 
2H). 

Steps 

A mixture of E69 (68 gm; 290 mmoles) in 1 ^-dichiorobenzene (1 36 mL) was refiuxed under nitrogen atmos- 
phere for 18 hours. The mbcture was concentrated in vacuo to remove most of the dichlorobenzene and the 
residue was chromatographed on silica gel using 5% ethyl acetate In hexane to obtain 51 gm (75%) of 6-allyl- 
3,3-dimethyl-5-hydroxy-2-methoxy-2,3-dihydrobenzof uran, E70a, as an oil. The more polar isomeric 4-allyl-3,3- 
dtn)ethyl-5-hydroxy-2-methoxy-2,3-dihydrobenzofuran, E70b, 10 gm (15%) was also isolated as an oil. 
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6-aIlyl isomer E70a 

NMR S: 1.24 (s, 3H). 1,28 (s, 3H), 3.28-3.40 (m. 2H) 3.52 (s, 3H) 4.87 (s. 1H), 5.04-5.22 <m, 3H). 5.88-6.07 
(m, 1H), 6.55-6.63 (m. 2H). 
4-aUyl isomer E70b ' 

5 iH N^4R 5: 1.40 (s. 3H). 1.46 (s. 3H), 3.0-3,66 (m. 5H) 4.73-5.30 (m. 4H). 5.73^.33 (m, 1H). 6.73 (s. 2H). 
StepC 

A mixture of E70a (12 gm; 51 mmoles) potassium carbonate (20 gm; 150 mmoles), benzyl chloride (19 
io gm; 150 mmoles) and methylethylketone (300 mL) was refluxed for 22 hours. The mixture was filtered through 
celite, concentrated In vacuo and the reside was chromatographed on silica gel using 5% ethyl acetate as eluent 
to obtain 15 gm (90%) of 6^llyl-5.benzyloxy-3,3-dimethyl-2wnethoxy-2.3-dlhydrobenzofijran. E71, as an ofl. 
iH NMR 5: 1.24 (s. 3H). 1.28 (s. 3H), 3.28-3.40 (m. 2H) 3.52 (s. 3H) 4.73-5.33 (m. 5H), 5.8S^.33 (m, 1H), 6.66 
(s, 2H), 7.16-7.63 (m. 5H). 

IS 

Step D 

To a solution of E71 (14 gm; 43 mmoles) in tetrahydrofuran at 0°C was added dropwise over 15 minutes 
1 molar diborane in tetrahydrofuran (250 mL). The mixture was stirred for 75 minutes and then methanol (40 

20 mL) was added dropwise followed by 1 N sodium hydroxide (50 mL) and 30% hydrogen peroxide (20 mL). After 
stirring for 30 minutes, a solution of sodium sulfite (18 gm, 3.0 mmoles) in water (120 mL) was added slowly. 
Diethyl ether (500 mL) was then added. The organic layer was separated, washed with brine, dried (MgS04). 
filtered and concentrated in vacuo. The crude was chromatographed on sQica gel using 20% ethyl acetete In 
hexane to yield 9.1 gm (65%) of 5.ben2ylQxy-3,3-dimethyl-6-(3-hydioxypropyl)-2-metho)v-2.3-dihydrobenzoft^ 

25 ran, E72, as an oil. 

NMR 8: 1.23 (s, 3H), 1.30 (s, 3H). 1.53-2.06 (m. 3H) 2.70 (t, 2H, J = 9.3 Hz), 3.36-3.70 (m, 5H) 5.0 (s. 2H) 
5.03 (s, 1H), 6.66 (s, 1H), 6.70 (s, 1H). 7.2-7.6 (m, 5H). 

StepE 

30 

To a solution of E72 (9.1 gm; 28 mmoles) and triphenylphosphlne (14.7 gm; 156 mmoles), in 
dichloromethane (600 mL) was added carbon tetrabromide (18.5 gm; 66 mmoles). The mbcture was stirred for 
45 minutes and concnetrated in vacuo. The residue was slumed with diethyl ether and the heterogeneous mixt- 
ure filtered through celite. The filtrate was concentrated in vacuo and the crude residue was chromatographed 
35 using 15% ethyl acetete in hexane to yield 7.7 gm (68%) of 5-benzyloxy-6-(3-bromopropyl)-3,3-dimethyl-2-me- 
thQxy-2.3-dihydrobenzofuran, E73. as an oil, 

iH NMR 5: 1.26 (s. 3H), 1 .3 (s, 3H), 1 .93-2.33 (m. 2H) 1 .76 (t. 2H, J = 7.4 Hz), 3.36 (t. 2H. J = 7.4 Hz), 3.56 (s, 
3H), 5.0 (s, 2H), 5.03 (s. 1H), 6.7 (s, 2H) 7.23-7.56 (m. 5H). 

40 StepF 

A solution of E73 (7.7 gm; 1 9 mmoles) in dimethyiformamide (20 mL) was added under nitrogen atmosphere 
to a mbcture of phenol (4.7 gm; 50 mmoles), and 50% sodium hydroxide dispersion (2.4 gm; 50 mmoles) in 
dimethyiformamide (250 mL). The mbcture was stirred at room temperature for 1 hour and then poured into 20% 
45 citric acid solution (500 mL) and the lot extracted with diethyl ether. The organic layer was washed with water, 
IN sodium hydroxide twice, dried (MgS04) filtered and <X)ncentrated in vacuo to obtein 7.1 gm (90%) of 5-ben- 
zyloxy-3,3-dlmethyl-6-(3-pheno3QrpropyI)-2-methoxy-2,3-dihydrobenzo1uran, E74, as an oil. 
iH NMR 6: 1.23 (s. 3H), 1.3 (s, 3H), 1.9-2.26 (m, 2H) 2.76 (t, 2H, J « 7.4 Hz). 3.5 (S. 3H), 3.93 (t. 2H, J = 7.4 
Hz), 5.0 (s. 2H), 5.03 (s, 1H), 6.6-7.63 (m, 12 H). 

so 

StepG 

A solution of E74 (7.1 gm; 1 6.9 mmoles) acetic acid (320 mL) and water (80 mL) was refluxed under nitrogen 
atmosphere for 1 8 hours. The mbcture was concentrated. The residue was dissolved in diethyl ether and washed 
55 with IN sodium bicarbonate, dried (MgSO^), filtered and concentrated In vacuo. The residue was 
chromatographed on silica gel using 15% ethyl acetete in hexane as eluent to obtein 5.4 gm (78%) <rf 5-ben- 
•zyloxy-3.3.dimethyl-2-hydroxy-6-(3-phenoxypropyl)-2,3-dlhydrobenzofuran, E75, as an oil. 
^H NMR 6: 1.26 (s, 3H). 1.33 (s. 3H), 1.86-2.26 (m, iH) 2.66-3.10 (m. 3H), 3.93 (t 2H. J = 7.4 Hz), 5.0 (s, 2H), 
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5.46 (d. 1H, J = 7.4 Hz), 6.56-7.0 (m. 4H), 7.1-7.6 (m. 8H). 
StepH 

5 To a solution of E75 (2.5 gm; 6.1 mmoles) and 2-<p-chlorophenyl)-2-oxoethyf diethylphosphonate (8 gm; 

21 mmoles) In dimethylfomnamide (110 mL) was added potassium-t-butoxide (4.1 gm; 37 mmoles) in one por- 
tion. The mixture was stirred at room temperature for 1 5 minutes and then heated in an oil bath at 1 1 0-1 20**C 
for 2 hours. The mixture was cooled, poured Into 1 N hydrochloric acid (300 mL) and extracted with diethyl ether. 
The ether layer was washed twice with water, dried (MgS04), filtered concentrated in vacuo and the residue 

io chromatographed on silica gel using 15% ethylacetate in hexane as eluent to obtain 1.5 gm (46%) of 5-ben- 
ryioxy.2-f2-(p-chlorophenyl)-2-oxoethyl]-3,3<limethyl-6-(3-phenoxypropyf)-2.3-dihydrobenzofu^ E76. as an 
oil. 

iH NMR S: 1 .23 (s, 3H). 1 .4 (s, 3H). 1 .86-2.3 (m, 2H) 2.66-3.26 (m. 4H), 4.0 (t, 2H. J = 7.4 Hz), 4^5.1 (m, 3H). 
6.6-7.06 (m, 4H). 7.06-7.66 (m, 10H), 8.0 (d, 2H, J = 1 1.1 Hz). 

iS 

Step I 

A mixture of E76 (1.2 gm; 2.2 mmoles), triethylsilane (50 mL) and boron trifluoride etherate (1.2 mL; 10 
mmoles) in 1,2-dichloroethane (50 mL) was stirred at room temperature for 3 hours. The mixture was poured 
20 into water and extracted with diethyl ether. The ether layer was washed with IN sodium bicarbonate, dried 
(MgS04), filtered concentrated in vacuo. The residue was chromatographed on silica gel using 10% ethyl ace- 
tate In hexane as eluent to obtain 780 mgs (67%) of 5-benzyloxy-2-(2-p-chlorophenyIethyl)-3,3-dimethyl-6-(3- 
phenoxypropyi)-2,3-dihydrobenzofuran, E77. as an oil. 

^H NMR 6: 1.10 (s. 3H). 1.28 (s. 3H), 1.7S.2.18 (m, 4H) 2.65-3.09 (m, 4H). 3.98 (t, 2H, J = 7.4 Hz), 4.06-4.18 
25 (m, 1H), 5.04 (s, 2H), 6.73 (s, 1H), 6.74 (s. 1H) 6.77-6.97 (m, 2H), 7.03-7.46 (m, 12H). 

Step J 

To a sdution of E77 (750 mgs; 1.4 mmoles). In dichloromethane (120 mL) at -78''C was added dropwise 
30 1M t>oron tribromide in dichloromethane (1.7 mL). The mixhire was stinred for 10 minutes and then methanol 
(5 mL) was added followed by solid potassium carbonate (1 gm, 7.2 mmoles). The mixture was stirred at room 
temperature for 15 minutes, filtered and the filtrate concentrated in vacuo . The residue was chromatographed 
on silica gel using 15% ethyl acetate in hexane as eluent to obtain 330 mgs (53%) of 2-(2-p-chiorophenyie- 
thyI)-3,3-dimethyl-5-hydroxy-6-(3-phenoxypropyI)-2,3-dihydrobenzofuran, E78, as an oil. 
35 ^H NMR 5: 1.10 (s, 3H). 1.28 (s. 3H), 1.74-2.25 (m, 4H) 2.62-3.12 (m, 4H). 4.03 (t, 2H. J = 7.4 Hz). 4.10-4.21 
(m, 1H), 5.3 (s, 1H). 6.61 (s, 1H), 6.64 (s, 1H) 6.82-7.42 (m, 14H). 
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EXAMPLE 26 (ConH^d^ 
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PhCHsO 




p-SCHs-Ph 
E85 1 



PhCHsO 




p-SCHg-Ph 

E86 I CI) 




p-SCHa^Ph 



EB7 



step A 

A mixture of 6-allyl-3.3<limethyl-5-hydroxy-2Hfnethoxy-2,3-dihydrobenzofu ETOa, (20 gm; 85 mmoles), 
acetic acid (160 mL) and water (40 mL) was refluxed for 18 hours. The mixture was concentrated in vacuo and 
the residue chromatographed on silica gel using 20% ethyl acetate In hexane as eiuent to obtain 17.8 gm (94%) 
of 6-aIlyl-2.5-dlhydroxy-3,3-dlmethyl-2>dihydrobenzofiiran, E79, m.p. 66-87*0. 

NMR5: 1.23 (s. 3H), 1.3 (s. 3H), 3.16-3.46 (m, 2H) 4.66-6.6 (m. 5H). 5.7-6.26 (m, 1H), 6.6 (s, 2H). 



50 Step B 



A mixture of E79 (30 gm; 138 mmoles), carbethoxymethylene triphenylphosphoFane (125 gm; 360 mmoles) 
and tetrahydrofuran (650 mL) was refluxed for 20 hours. The mixture was concentrated in vacuo and the residue 
chromatographed on silica gel using 30% ethyl acetate in hexane as eiuent to obtain 33 gms (82%) of 6-alIyl- 
2-carbethoxymethyl-3,3-<limethyl-5-hydroxy-2,3-dlhydroben20furan, E80. 

m NMR S: 1 .1-1 .4 (m, 9H), 2,53-2.76 (m, 2H), 3.2-3.4 (m, 2H) 4.2 (q. 2H, J = 13 Hz) 4.53-4.8 (m. 2H), 4.93-5.3 
(m. 2H) 5.63-6.23 (m, 1H) 6.3$ (s, 1H), 6.40 (s, 1H). 
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StepC 

To a solution of E80 (11.9 gm; 41 mmoles) in tetrahydrofuran (500 mL) at 5**C and under nitrogen atmos- 
phere was added dropwise a 1 .5 molar solution in toluene of D!bal-M (110 mL; 1 64 mnioles). The mixture was 

5 stffred for 10 minutes and then poured slowly Into a stirring mixture of 3N hydrochloric acid (300 mL) and Ice 
(300 mL). After stirring for 30 minutes and the addition of ethyl acetate to facilitate separation, the organic layer 
was separated, dried (MgS04), fatered and concentrated in vacuo. The residue was chromatographed on silica 
gel using 30% ethyl acetate in hexane as eluent to obtain 9.9 gm (97%) of 6-aIlyl-3.3-dimethyt-5-hydroxy-2-(2- 
hydroxyethyt)-2,3-dihydrobenzo1uran, E81, m.p. 55-58**C. 

10 m NMR 6: 0.96 (s. 3H), 1.16 (s. 3H). 1.56-2.33 (m, 3H) 3.1-3.3 (m, 2H). 3.6&4.30 (m. 3H), 4.86-5.2 (m. 3H), 
5.6-6.23 (m, 1H) 6.43 (s, 1H). 6.46 (s. 1H). 

StepD 

15 A mixture of E81 (7.5 gm; 30 mmoles), potassium carbonate (12.4 gm; 90 mmoles) and benzyl chloride 

(11.3 gm; 90 mmoles) in methyl ethyl ketone (200 mL) was refluxed for 18 hours. Another portion of benzyl 
chloride (2.75 gm; 21 mmoles) and potassium carbonate (3.1 gm; 21 mmoles) was added and refluxing con- 
tinued for 7 more hours. The mixture was cooled, filtered and the filtrate concentrated in vacuo . The residue 
was chromatographed on silica gel using 30% ethyl acetate in hexane as eluent to obtain 9.4 gm (92%) of 6- 

20 allyl-5-benzyloxy-3,3-dimethyl-2-(2-hydroxyethyl)-2,3-dihydroben2ofuran, E82. as an oil. 

1H NMRS: 1.13 (s. 3H), 1.33 (s, 3H). 1.73-2.3 (m, 3H) 3.26-3.50 (m. 2H), 3.9S^.06 (m, 2H), 4.2-4.46 (m. 1H). 
4.86-5.23 (m. 4H) 6.66 (s, 1H). 6.73 (s, 1H) 7.23-7.6 (m, 5H). 

StepE 

25 

Dimethyl sulfoxide (1.71 gm; 22 mmoles) was added dropwise to oxalyl chloride (1.39 gm; 11 mmoles) in 
dichloromethane (125 mL) at -78«C. To this mixture was added a solution of E82 (2.5 gm; 7.4 mmoles) in 
dichloromethane (25 mL). After stirring for 20 minutes triethylamine (4.4 gm; 44 mmoles) was added and the 
mixture brought up to room temperature and then diluted with water. The organic layer was separated, dried 
30 (MgSO^), filtered and concentrated jn vacuo to obtain 2.8 gm of 6-ailyl-S-benzy!oxy-3,3-dimethyl-2-for- 
mylmethyl-2,3-dfhydrobenzofuran, E82, as an oil which was used in the next step without further purification. 
iH NMRS: 1.1 (s, 3H), 1.33 (s, 3H), 2.43-3.03 (m. 2H) 3.36 (d. 2H, J = 7.4 Hz), 4.7 (q. 1H, J = 11 Hz. J' = 5.5 
Hz). 4.83-5.23 (m. 4H). 5.6-6.2 (m, 1H). 6.63 (s. 1H), 6.7 (s, 1H). 7.13-7.56 (m, 5H), 9.9 (t 1H, J = 1.86 Hz). 

35 StepF 

To a solution of E83. (2.8 gm; 7.4 mmoles) In tetrahydrofuran (125 mL) at 5'*C was added the Grignard 
reagent p-methylthiophenyl magnesium bromide in tetrahydrofuran (0.8 molar) (19 mL; 15 mmoles) which was 
previously prepared by refluxing for 2 hours a mixture of p-bromothioanisote (8.1 gm; 40 mmoles) and mag- 

40 nesium turnings (1 gm; 41 mmoles) in tetrahydrofuran (50 ml). The mixture was stirred for 1 hour at room tenv 
perature and then excess IN hydrochloric acid was added. The organic layer was separated dried (MgS04), 
filtered and concentrated in vacuo. The residue was chromatographed on silica gel using 30% ethyl acetate 
as eluent to obtain 3.1 gm (91%) of 6-a!lyl-5-benzyloxy-3,3-dimethyl-2I2-hydroxy-2-(2-p-methyl- 
thbphenylethyt)-2,3-dlhydrobenzofuran, E84 as an oil (erythro-threo isomer mbcture). 

45 iH NMR 6: 1 .06 (s. 3H), 1.23 (s, 3H). 1.63-2.2 (m, 2H) 2.3-2.56 (m, 4H), 3.23-3.53 (m. 3H). 4.06-4.6 (m. 1 H), 
4.8-5.3 (m, 4H) 5.7-6.26 (m, 1H), 6-66 (s. 2H), 6.8-7.73 (m. 9H). 

Step G 

50 A mbcture of E84, (3.1 gm; 6.7 mmoles) zinc iodide (3.2 gm; 10 mmoles) and sodium cyanoborohydride 

(3.1 gm; 50 mmoles) In 1,2-dichloroethane (125 mL) was refluxed for 1 8 hours under nitrogen atmosphere. The 
mixture was filtered and the fDtrate stinred for 15 minutes with 3N hydrochloric acid (50 mL). The organic layer 
was separated, dried (MgS04), filtered and concentrated. The residue was chromatographed on silica gel using 
15% ethyl acetate in hexane as eluent to obtain 750 mgs (25%) of 6 -allyl-5-t>enzyloxy-3,3-dlmethyl-2-(2-p- 

55 methylthiophenylethyl)-2,3-dihydrobenzofuran, E85, as an oil. 

^H NMR 6: 1.08 (s, 3H). 1.28 (s, 3H), 1.63-2.23 (m, 2H) 2.15 (s. 3H). 2.56-3.23 (m. 2H). 3.3-3.5 (m. 2H), 4.11 
(dd. 1H. J = 7.46 Hz. J' = 3.7 Hz). 4.86-5.2 (m, 4H), 5.6-6.3 (m. 1H), 6.63 (s. 1H), 6.66 (s. 1H). 6.93-7.63 (m, 
9H). 
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10 



15 



StepH 

A mixture of E85, (744 mgs; 1.6 mmoles), ethanol (25 mL), ethyl acetate (25 mL) and 10% paiiadium on 
carbon (700 mgs) was hydrogenated on a Parr apparatus for 1.5 hours at 40 psi. The mixtured was filtered 
through celite and the filtrated concentrated to obtain 667 mgs (89%) of 5-benzyioxy-3,3-dimethyl-2-(2-p- 
methyIthiophenylethyl)-6-propyl-2,3-dihydrobenzofuran, E86. as an oil. 

iH NMR 6: 0.73-2.16 (m, 13H). 2.36-3.16 (m, 7H). 4.16 (dd. 1H. J = 9.3 Hz. J' = 3.7 Hz), 5.0 (s. 2H). 6.66 (s, 
I H). 6.70 (s, 1H). 7.0-7.66 (m. 9H). 

Step! 

A mixture of E86. (55 mgs; 0.123 mmoles), acetic acid (4.5 mL) and 6N hydrochloric acid (0.5 mL) was 
heated in an oil bath maintained at 115''C for 1 hour. The mbcture was partitioned between diethyl ether and 
water. The ether layer was washed with saturated sodium bicarbonate solution, dried (MgSO^), filtered and con- 
centrated in vacuo. The residue was chromatographed on silica gel using 1 5% ethyl acetate In hexane as eiuent 
to obtain 22 mgs (50%)of 3,3-dimethyl-5-hydroxy-2K2-pHnethylthiophenylethyl)-6-propyl-2,3Kilhydr^ 
ran, £87, as an oil. 

iH NMR 6: 0.7-2.3 (m, 13H), 2.3-3.26 (m. 7H), 4.0-4.56 (m, 2H). 6.53 (s. 1H). 6.6 (s, 1H), 7.06-7.36 (m. 5H). 
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1 . The leukotriene biosynthesis Inhibitors of the formula: 




ci;) 



wherein: 
R2is 



40 



45 



SO 



55 



with A2 completing a ring selected from the group consisting of (Y«)s substituted phenyl, (Y«)7 substituted 
naphthy], substituted or unsubstituted 5-membered heterocycle, substituted orunsubstituted 6-memt}ered 
heterocycle, substituted or unsubstituted 5-membered heterocycle having fused thereto a C^)^4 substi- 
tuted benzene ring and substituted or unsut»stituted 6-membered heterocycle having fused thereto a 
(Y^3oi4 substituted benzene ring (where the heterocycle contains 1 to 4 heteroatoms, including 0 to 1 in 
total of -S-, -NH-or -N(Ci«4alkyl)- and 0 to 3 of nitrogen the valence of which is satisfied by the ring, 
and where the heterocycle substituents are selected Irom the group consisting of hydrogen, Ci^l^, 
phenyl, halogen, -C(0)OH, -C(0)OCi^alkyl and -OCi^alkyl); 
R3 is independently; hydrogen or C^^alkyl; 
R^ Is hydroxy or metat>olizeable to hydroxy, 
R* and R« are. Independently hydrogen, halogen, 
-Ci^kyl. C2-ea!kenyl. -(Ci^iM)-R«», 
-(C2^alkenyl).Rto. -{Cn^alkyl)p-OR«>. 
-(C2-«alkenyl)-OR«>, -(C1^alkyl)p.SRe^ 
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-(C2^a[kenyl).SR«>, -(C^^alkyl)p.S(0)R8^ 

-{C2^alkenyl)-S(0)R«», 

-{C,^alkyl)p-S(0)2R«>. 

-(C2-6alkenyl)S(0)2R». 
-(Ci^alkyl)p.N(R««){R«>) or 

-{C2-6alkenyl)-N(R^)(R«*>), provided that when one of R^ or R^ is hydrogen or halogen then the other is not 
hydrogen or halogen and provided that R® is not -C^^lkyl or -0-Ci^kyt when is -Ci^alkyl; 
R7 is hydrogen, halogen, Ci^iky! orC2^alkenyl; 

R6a Is (Y8)5 substituted phenyl, (Y^h substituted naphthyl, -C(0)NR6c, -C{0)0R6c, or 



where completes a substituted or unsubstituted 5-membered heterocycle, substituted or unsubstltuted 
6Hmembered heterocycle, substituted or unsubstituted 5-membered heterocycle having fused thereto a 
0^)3or4 substituted benzene ring, or a substituted or unsubstituted 6-membered heterocycle having fused 
thereto a Cf^^orA sut)stituted benzene ring (where heterocycle and heterocycle substitution are defined 
afc>ove); 

R^ is hydrogen, Ci^lkyl, Qa^alkenyl, 
-(Ci^a!kyl)p-((Y^7 substituted naphthyl). 
-(Ci^aikyl)p-((Y«)5 substituted phenyl), 
-(Ci^alkyD-C(0)N(R«c)2, 
-(Ci^alkyl)-C(0)ORe(' or 



(where is defined immediately above and R^^ is not hydrogen when attached to sulfur); 

R^ is hydrogen or Ci^all^; 

Y2 is -H, halogen. -OH, Ci^lkyt, -CN, -CF3, 

-(Ci^alkyl)p-O-Ci^kyl, 

.(Ci^alkyl)p.S-Ci-6alkyl, 

-{Ci^aIkyl)p-S(0)-Ci^lkyK 

-(C,^alkyf)p.S(0)2-C«alkyi. 

^Ci^alkyOp-C(OVCi^alkyl. 

-0-(Ci^aIkyl)p-C(0)OR*^, 

.(Ci^alkyl)p.C(0)ORe«, 

-(Ci^alkyl)p-C(0)NHOR««. 

-(Ci^aIkyf)p-C(0)NHR«<^, 

-(Ci-6alky0p-NHC(O)O(Ci-6alkyl), 

KCi^alkyl)p-NHR8«, 

-(Ci-6alkyI)p-NHS(0)2-C,^lkyi. 

-(Ci^alkyl)p-NHS(0)2-(R^5 substituted phenyl, or -(Ci^alkyl)p.N02; 
Y«isY2or 




(where A^ Is defined immediately above); and 
pisOorl. 
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2. The compound of claim 1 wherein said heterocycles are aromatic 

3. The compound of claim 1 wherein said R2 is -(Ci-«aIkyl)p-CY«)6 substituted phenyl or -(C2^alkenyi)-(Y8)5 
substituted phenyl. 

4. The compound of claim 1 wherein is selected from the group consisting of 
-{Ci^arkyl)-Re«, -(Cs-ealkenyiy-RSa, 

-(Ci-«allcyl)p-OR«>. -(C2-6aIlcenyl)-ORa>, 
-{Ci_ealkyl)p-SR«>, -(C2^alkenyl)-SR6^ 
-(Ci-«alkyl)p-S(0)R6f. -{C2^alkenyi)-S(0)R6b. 
-(Ci^aIkyl)p.S(0)2R«» and -(C2-ealkenyl).S(0)2R«*>. 

5- The compound of claim 1 wherein R8» is (¥6)5 substituted phenyl or 



7. The compound of claim 1 wherein where completes substituted or unsubstituted S-membered aromatic 
heteroc^cle (where the heteroc^cle contains 1 to 3 nitrogens the valences of which are satisfied by the ring 
and heterocyde substitution are defined at>ove). 

8. The compound of claim 1 wherein is 
-H. halogen, -OH, Ci^alkyl, -CN. -CF3. 
-{Ci^alkyOp-O-Ci^alkyl, 
-(Ci^alkyl)p-S-Ci^alkyl, 
-(Ci^alkyl)p-S(0)-Ct^alkyl, 
HCi^alky!)p.S(0)2-C,^ikyI, 
-CKCi^lkyl)p<:(0)0R6c, 

-(Ci^kyl)p-C(0)OR«c. 

-(Ci^alkyI)p.C(0)NH0R6«, 

-{Ci^alkyl)p-C(0)NHR«c, 

^C«alkyl)p-NHC(0)0(Ci^alkyI), 
-{C,^aIky!)p-NHS(0)2<:i^!kyl. 

-(Ci^alkyl)p-NHS(0)2-(R7)5 substituted phenyl. or-{Ci^alkyl)p.N02. 

9. The leukotriene biosynthesis inhibitors of the formula: 




6. The compound of daim 1 wherein R«*» is -(Ci^alkyl)p-((Y«)5 substituted phen^), 
-(Ci-6alM)-C(0)0R*», or 




.4 




92 



04471 B9A1 I > 



EP 0 447 189 A1 



wherein 

R2 is -{Ci-«allcyl)p-{Y«)5 substituted phenyl or 
-(C2^alkenyl>-(Y^)5 substituted phenyl; 

is independently hydrogen or Ci^alkyl; 

Is hydroxy or metabolizeabte to hydroxy: 
R* is hydrogen, halogen, 
-Ci-ealkyl. Ci-^alkenyl, -(Ci^alkyO-R^, 
-(C2-6alkenyl).Rte ^Ci^aIkyl)p-OR6b, 
-{C2-ealkenyl}-OR«>, -{C,^alkyl)p-SR6^ 
^C2^alkenyl)-SR«>, -(Ci-6alkyl)p.S(0)R«>, 
-(C2^alkenyI}-S(0)Reb, 

^Ci^a!kyl)p^(0)2R«'. 
^C2^lkenyI)S(0)2R«>. 
-(Ci^alkyI)p.N(Rec)(R«b) or 

-(C2-6aIkenyl)-N(R6<*)(R««>); 

R« is -{Ci^llvl)-Re«. ^C2^alkenyl)-Rfi>. 

•(Ci^alkyl)p-OR«». -(C2^lkenyl)-OR6^ 

-(Ci^alkyl)p-SR«>. -(C2-6aIke^yl)-SR6^ 

^C,^alkyl)p-S(0)R«». 

-(C2-6alkenyl)-S(0)R«>, 

-<Ci-6alkyl)p-S(0)2R«> or 

-(C2^alkenyi}-S(0)2R«>; 

R^ is hydrogen, halogen, Ct^alkyl or Ca-ealkenyl; 

R6a is {Y«)5 substituted phenyl, substituted naphthyl, -C(0)NRec. -C{0)OR«c, or 



where A® completes a substituted or unsubstituted 5-membered heterocyde, substituted or unsubstituted 

6Hmembered heterocyde, substituted or unsubstituted 5-inembered heterocyde having fused thereto a 

(Y^)3or4 substituted benzene ring, or a substituted or unsubstituted 6-membered heterocyde having fused 

thereto a Qt^soj^ substituted benzene ring (where the heterocyde contains 1 to 4 heteroatoms, indudlng 

0 to 1 In total of -0-, -S-, -NH- or -N(Ci-^allQfl)- and 0 to 3 of nitrogen the valence of which is satisfied by 

the ring, and ¥fhere the heterocyde substltuents are selected from the group consisting of hydrogen. 

Ci^lkyl, phenyl, halogen, 

-C(0)OH, .C(0)OC,^alkyl and -OCi^alkyl) ; 

R» is -{Ci^lkyl)p-((Y»)7 substituted naphthyl). 

-(Ci^alkyl)p-((Y«)5 substituted phenyl). 

-(C,^alkyl)-C(0)N{R6«)2. 

-(Ci-«allQfl)-C(0)OR^ or 



(where A® is defined immediately above); 

R^ is hydropen or Ci_ealkyl; 

Y2 is -H. halogen, ^H, C^^lkyl. -CN. -CF3, 

.(Ci_«alkyl)p-0-Ct^aIkyl. 

KCi-ealkyDp-S-Ct^alkyl, 

-(C,^alkyl)p-S(0)-C,^lkyl, 

-(CiHiaIkyl)p-S(0)2-Ci^lkyl, 

-0-(Ci^aIkyl)p-C(0)OR«<*, 

KCi^alkyl)p.C(0)OR«c. 
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-(Ci^alkyl)p-C(0)NH0R6c 
-{Ci^alkyl)p-C(0)NHR6c, 
-(C,^alM)p-NHC(0)0(Ci^alkyI). 
-(Ci^alkyl)p-NHS(0)2-Ci^alky!. 

.{Ci^alkyl)p-NHS(0)r<R^5 substituted phenyl, or -(Ci^aikyOp-NOa. 
Is or 



(where A« is defined immediately above); and 
pisOorl. 

10. The leukotriene biosynthesis inhibitors of the formula: 
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